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PREFACE. 

The modern application of ballooning to scientific purposes has 
caused a widespread interest to be taken in the sport, and this 
has been intensified by the successes which have attended the 
e£forts of Santos Dumont and the brothers L6baudy in another 
direetion. The present moment, therefore, seems to be suitable 
for a survey of the development of the art, and, in making this 
attempt, the author has drawn on a large number of sources 
that have not hitherto been accessible to the general reader, and 
has also supplemented the historical outline with the result of 
many years of practical experience. The foUowing pages contain 
a rough sketch of the past and present state of the art, and its 
applications to scientific ends, and further it is hoped that the 
looker-on may find in them something to help him towards 
understanding the various problems which are now calling for 
Solution and afford such a fruitful subject for discussion in the 
daily press. Certain matters have been described in some detail, 
such, for instance, as balloon photography and the use of the 
carrier pigeon ; and this has seemed to be desirable, seeing that 
hitherto no trustworthy information on these subjects has been 
forthcoming. 

Balloon photography has been very carefuUy studied of late 
years. The author can lay claim to considerable experience in 
this department, and has made about eighty ascents, mainly for 
Photographie purposes. He has also had the advantage of 
Professor Miethe's assistance on many of these occasions, and 
Lieutenant-Colonel Klussman, who was formerly in command of 
the Prussian Balloon Corps, has also kindly contributed mucb 
valoable information as to the various optical phenomena that 
arise in balloon photography. 

Herr Bernhard Flöring, of Barmen, has also been good enough 
to give the author the benefit of his long experience in the matter 
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of the carrier pigeoo. The ohapter which deals with ihis subjeet 
contains a good deal of general information, and ig not merely 
confined to the ose of carrier pigeons in connection with balloons. 
The author has for many years devoted bimself to the breeding 
and training of these birds, and feels that the sport deserves 
every encooragement. It is hoped that something may be done 
towards increasing its osefulness, seeing that it might be of 
antold value in time of war ; but it must be admitted that np to 
the present little has been done on a systematic basis, and it is 
entirely neglected by most balloonists. 

The importance of the scientific application of ballooning 
entitles it to careful consideration, and such work is here fuUy 
discossed. The author had the honour of being elected a member 
of the international commission which was appointed to consider 
matters connected with the application of ballooning to scientific 
ends, and has had the pleasure of working with Professor 
Assmann and Professor Hergesell, whose work in exploring the 
Upper layers of the atmospbere places them in the front rank of 
meteorologists. 

The flpng machine, which includes all devices which aim at 
the imitation of the flight of birds, is on the other band rather 
briefly discussed, inasmuch as from the practical i)oint of view 
little of real importance has been accomplished in tbis depart- 
ment. But it is more than probable the future will have 
surprises in störe for us, and that the hopetul views, lately 
expressed by the Academie des Sciences, will prove to be justified 
in so far as the results which may be exi>ected from work on 
these lines is concemed. 

Generally speaking, it may be said that in the following pages 
all questions are fuUy discussed which lend themselves to populär 
treatment and appear to be of general interest. Many years of 
ezperience in connection with balloon clubs, specially those of 
Strassburg and Berlin, coupled with the outcome of lectures 
delivered in connection with the Prussian Balloon Corps, lead 
the author to think that Information on many of the points which 
are here discussed will be of Service to those who take interest 
in these matters. 
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A certain amount of theoretical investigation was unavoidable, 
but it bas been reduced to tbe smallest possible limits. There 
is not enough of it to frigbten anybody, and it may further be 
said in self-defence, if any sbould be foond to complain that 
there is too little of it, that the autbor had no Intention of 
writing a technical textbook. It has been bis wish that the 
reader may find amusement and instruction to be pleasantly 
combined in these pages, and may derive both pleasure and 
profit from the review of past and pres^it. 

Berlin, Odober, 1906. 
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CHAPTEß I. 

THE EARLY HISTORY OF THE ART. 

The folklore of almost every race confcains some myth, 
embodying the aspiration of man to add the conquest of the 
air to that of the sea. Phrixos and Helle flew over the sea, 
mounted on the ram with the golden fleece. Dixidalus and 
Icarus attempted tiight, but learus ventured so near the sun 
tliat tlie wax which fastened the wings to his body was melted, 
and he feil headlong iuto the sea. 

Passing from myth to semi-legendary history, \ve are told that 
Xerxes received, as a gift from his courtiers, a winged throne, to 
which were harnessed four tarne eagles. Food was held before 
the hungry birds, and their struggles had the effect of raising 
the throne from the ground. Somehow or another, Xerxes seems 
to have survived the start, and our picture shows him sailing 
quite pleasantly through the air. The philosopher Archytas of 
Tarentum devised a pigeon, which could raise itself if air were 
pumped into it, but it soon feil to the ground ; and here we may 
have an early attempt to construct a " Montgolfiere." The 
Chinese, to whom the invention of gunpowder has always been 
credited, possibly made still earlier efforts to imitate flight, but of 
these little is known, though a French missionary in 1694 states 
that a balloon was sent up on the day of the coronation of the 
Emperor Fo-Kien at Pekin in the year 1306. 

Mention ought also to be made of the celebrated name of 
Leonardo da Vinci, who devoted much attention to the study of 
the problem. Sketches made by him are still in existence, and 

A. B 
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froin tliose it appears tliat he proposed to mount the rider on a 
kiiul of framework, to wliicli devices of the nntiire of wings were 
to be attached. The technical details l»ear \«-itness to the exlra- 
onlinarv aptitinle wliich the artist possesse«! for dealing with 
mechanical i»rol»loins. The arraiifjenient of the hat-like wings 
in particiilaiiy intcrostiiif^. On their downward inovenient they 
were to Klrik<» the air over the whole <»f their surfaee, but they 

were so arran^ed as to 
op|M>se very sli;^ht resist- 
ance to iipwanl motion, in 
c(»nse<jiience of the folding 
to^ether of the varioiis 
sec'iif)ns. Faiisu? Veranzio 
was the lirst human iHring 
wlio isev4T knowii to have 
rihked bis life over the 
Nvork. In lOlT lie let him- 
self down froni a tower in 
Venice by nieans of a very 
priniilive paraeliute,\vhich 
eonsisiedof a s(jnare franie- 
woik coveied with eanvas. 
Jim for niany years there 
were no furtlier imitators 
of liis niethods. Projwsals 
of niore or less historical 
inlerest were, however, 
niade abiail tbai linie. .lohn Wilkins, Jjishop of ehester, con- 
strui-teil a llyiii^; niarliiiir in IT» IS. and ürsi drew attention to 
Ibe enonnons loive whirh could bc ib-veloptd by llie applieation 
of sliaui. C'yrano (K* .lier;;eiju- developed ibe orij^inal idea of 
fasieiiiiij^ air-ba.us ii» bis body, and ibi-n aUowin«; tlieni to heat 
in the Mm. Ilr Mi]»i»..Md ibai ihr li«aUM| nir woidd have the 
elVed o[ niakini: bim ll\. muiI bi> niud.ib-litadrd notions are 
\rv\ similar Id ibnM-wbirli bore tniii in llir pnu-lical liands of 

Vv;uu'\^i*o dl* I.ana sbowed uivat in^^'i-nuiiv in bis eontrivauce 
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of Ihe H>ing Bbip, and in &pite of bis mistakes it is impQSsible 
tiol to admire tbe aeuleiierts ot bis reaßoning. He clearly uiuler- 
stood tbat the air has a deünite weight* just Uke aiiy solid or 
liquid Ijodj, aiid supposed that at a great beigbt tbe density of 
th© atniosphere woiiM be less, owijig to decrease of barometrie 
pressure. He also elearly understood tbat all bodies whicb are 
ligbter tbau air woiild riee in tbe mme way that a piece of wood 



riseä from tbe bottom of a 

(iproposed to make four great 

tnetal spberes» wbicbwere to 

be connected togetlier by 

pieces of wood, and attacbed 

by ropes to a boat, fitted witb 

oars and eaik in ibe nsual 

way. He proijosed to exbauöL 

tbd air from tbe tnetal spberes 

by lilbiig tbem witb water 

tbrougb au opening at tbe top, 

and tben allowing the \Yater 

fco llow away tbrougb a tap at 

iahe bottora. He ass u me d t Im t 

^■a vacuiiiu would be created if 

tbe tap at the bottom were 

closed at tba right moment. 

Order to prevent tbe boat 

^Irom ätartiug witb a sudden 

jerk it was to be suitably 



»asiii of water. Consequently he 
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Flu. 2.— Kanäle Veranüio in bis pftrachute. 



loaded with weigbtä ; tbe beigbt to which it would riae would 
tben be conveniently regulated either by the adnxission of air to 
tbe flpberes, or by throwiug overlioard aome portion uf the ballaßt. 
His ideas on tbe theor^^ of tbe proljlem were iindoubtedly correct, 
and be carried on a vigorous controversy with tboee wbo advanced 
ubjections to hie propOBals. But be eame finally to the pious 
cMinclusion that he coukl scarcely hope for the accompLiBbment 
of bis sebeme, seeing tbat God would prevent such a revolation 
in human alTairs. In the year 1680 Borelli makes Bome intereBtiug 
observatione with regard to the construclion of an artificia^ 

B 2 
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l»ir(l in liis Iwink ** !>*• Motu Aiiiinaliuin/' aiul trie«l to sliow ihat 
it was imjMjssililf fnr a man ti» tly l»y Ins own iinaiMed efforts. 
A man was. in«l»'iM|. nnicli inn liravv. at any rate in coniparison 
wiili liinls. ncillu'i* lia<l hv siilVu-itMit miiseiilarfnerpry in the parts 
ii\u)\\i tlhi ela-i; an«l finllu-r, üw \v«'i^'hl of any anpurtt^nances 
V) takt? tlu' \Atirv nf wiüj^'s wouM j>Iare him at a still niore 
s«'ri<)ns ilisailvanta;^'*?. Tliis nininds us <>t tli»? rcsiilts piihlished 
l>y Ilt'lmliult/. in isT'J. wlu-n lir wsi«^ a menilKT of the eonimittee 

aii]M)int(M| to oxaniine into 
a<r(>naiitii'al ])n)l)lenis. He 
tliciv States in tlio niost definite 
iiiMimer tliat it is extremeiy 
im|>n>}ial)U> tliat. with the nid 
i»l tlic iiiDhi pfiffet mechaiiism, 
;i iiiMM will hv al»U» l>y bLs own 
!imMMii:ir cxrrtion to raise his 
)><>ily iiitit tlu* air and to inain- 
i.-iin ii in tliui posilion. 

Uni iHUrili i^iivv a very clear 
• ■\jM'>iii«»n <»f ilui law of Archi- 
1IH 'li •«. jind run^idiTtHl in conse- 
«III« iirr tiuit an imitation of the 
tli;^^lii •)! I"ii«l> was impracticable. 
(hl ilif Miller liand lie thought 
iliiii ilit- M.-iddcr of a lish was a 
!ii'»ri' 1h)|k-1m1 su;j:«^estion. bnt 
lir >niMii:ly opposcd all schenios 

wilicll ll«.«-r.-.-il;ll«'il liir ci-i .i 1 i. .1 1 n\' ji VücUlim. ll) vii.'W <»f tlie 

i'Mcniiil |u-i-.--»iir .'1 ihr .•lIlllM^)l]M IC, ;jiiy \juMunn a|»i)aralus 
Wituld li.i\i' \n In.' i-'iM.-i iiici. .1 (.r iiniai aiul mn.--l ho •)! j];reat 
sizi*. ll- CDiiM-iiiiciii wi l-li! nia'lr 1 hl' \N linlr ihin;^ impossihle, 
and ari^MniKMiis ol" tili- naim-f mi-li: will hi- »•..n^iili-n-d hy sfinu* 

Ot* llu' ilUrlltol'.-: wh" aTr -lÜI al U.'ik <'li tli»- |»l-(d)lL*m. lÜS 

concliisionr^, whifh wert- ;i! niu-.. i !i..ii-!ii inl ai:-i i-liarly expressed, 
came inlo llie liaiaisot njaii\ x-it-niitii' inni and iiilerested tlieui 
in tlic pos>ihiliLy of a s«)hiii«)M. 

Tlie Science ot" aeronaulir> nia,\ Im- dividcd iiii'.» iwo [»arts, of 
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which the one may l>e called aerostafcics, and the bther 
aerodynamics, Aerostatical tlevices inckide those in whieh the 
load b lifted by filling certaiii Spaces witli a f^as wliich is Hghter 
tban air, whereaa iu aerodynamicnil macfiiiies the effect ia pro- 
ducad by means of propellera or other armngemeiits of a situilar 
kind, tendiug to cause niotion through the air, Bartholomäus 




Fig. 4.- Photogniph of Äu^burg, Rbawing the CÄtbednil. 
balloon by A. Kiedinger. 



l'akeß froTii ^l 



Laurenzo de Gusmann constructed an airsliip m LisLon in the 
jear 1685 out of a wc^odeii haaket covered with jmper, and if the 
facts were tnie, he would eeem Uy bave been the tirst to work on 
aeroHfcatical prineiples. ITis baeket is Faid to bave been tilled with 
bot air» and the apparatus rose from the ground in the presBnce 
of the royal Court at Lisbon. But tbe investigations of Leeornu 
clearly show that two total ly separate experimenls have beeu put 
tngetber and aacriluHl to one man. It seemw to he a fact that the 
moiik Bartholomäus Laurenzo iovented a machine and earried out 
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hold true, and progress in the matter of a mere flying machine 
seems very unlikely. New types of a more promising kind were 
however invented. The mathematician Paucton suggested the 
principle of the propeller, which he called a " Pterophore." One 
propeller was to be on a vertical axis for raising the dead weight, 
and another on a horizontal axis for any forward or backward 
movement, a parachute being provided for the descent. The 
Propellers were to be driven by band, and though nothing came 
of these proposals, it must be allowed that a definite step had 
been made on the path, which was to lead to future success on 
these lines. The Abbe Desforges invented a flying machine, 
called the " Orthoptere," which was in no way remarkable. On 
the other band, men- 
tion should be made 
of the flying car of the 
aeronaut Blanchard, 
which in some respects 
seems to have been on 
the lines of the modern 
motorcar. As a matter 
of fact, it was fltted 
w'ith sails and wings, 
and moved at a great 
rate on the Place Louis XY. and. the Cbamps Elys^es. Still 
Blanchard never succeeded in raising himself from the ground 
with bis marvellous mechanism, and so feil a ready victim to the 
vrits of the day. 

Karl Friedrich Meerwein was architect to the Grand Duke of 

-Baden, and managed to construct a flying machine, which gave 

proof of a very accurate knowledge of the laws of air-resistance. 

In Order to sustain the weight of a man, he calculated that an 

exposed surface of 130 Square feet would be suflicient, and this 

IS indeed a woiiderfuUy good approximation to the truth. He 

suggesM that serious accidents would probably be avoided if 

ex2>enments were made at sea and not on land, and if this idea 

had been aclopted by Lilienthal, Pilcher and others, they would 

doubtlesa have escaped their untimely ends. But of late yeara 




Fi«. 5. — Met'ivvein's Hying muchine. From 
Moedebeck's •' Pocket Book für Balloonists.'* 
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ftoniethiiiß Ims l»eeii <lom- in tliis way. Zepi)eliii on the Brxlensee 
and Lan^lcv on tlic Potoniac- luivc heliNMl to lessen the <liUiger 
attacliin«; to exiM-rinu-ntal work of this kind. 

It niay Le of iniort-si to i*xainine tlu* construction of a tlyinj: 
niacliincs worke«! l»y a proinller. wliicli was sliown by the French- 
mcu Launoy and Bicnvcnii to a connnittee of the Aeackruie des 
Scienc«'S in 17H4. A \von<lfn how was pieroed at its centre, and 
tlirou^di tili- linlf ilins niadt* tlit-n* was passed a spiiidle which 
carrifd ateitlu-r t-nd sf)ni«' birds' fralluT.^, s«» arranj^ed as to servt- 
llio puriMJM- of a propfllfr. T\w strin«; of llie Ixiw was woiiml 
M'Vcral tiincs muiid X\iv. .spiiidle. and tlii' apparatiis was inteiided 
to Marl in a verlical iM)sinon. Tlu« pull of the lx)\v oii tlu- 
i'ii\t\ tciidcd to rotatc tlif Hpindlc and put tlie two |)rf)]>cdler> 
in niolion. The fealhers. whit-li wvvr arranj^'edat an an^le. drove 
llie air downuanls. and ihe liltlt* niodfl. wei«j:lnn^ about 3 oz.. 
tUwMp Im ilir cM-ilin«^. Tlii.-^ in;:«'iiinustlevice liad niany iuiitatnrs. 
biit Mu iiVi'Hi >nr<T» was a'-liirxfd owin«; lo lack oi snitable 
niotivr powi-r. In IHTO iNnaud niilai-ud llie bow by stron^ 
rul;lif;r haiid:-. but wiiliout etVri-tin^ any niarked iniprovenieiit. 
NoiHr iJMr I»—. llu-.-*- tliin;:- d« -t-rvi* niciition, and snioothed the 
wav U*v Siiiii"- l)iminiii. 



CHAPTEß IL 

THE INVENTION OF THE AIR BALLOON. 

We now reacli the history of a second attempt which has been 
made to deprive the French of the laureis attaching to the inven- 
tion of the air balloon. In 1776 Cavendish discovered hydrogen, 
and showed that it was much lighter than air. Dr. Black later 
asserted that in 1777 or 1778 he discussed with his friends the 
possibility of Alling certain Spaces with hydrogen, and, by a proper 
design of the dimensions, he hoped to raise a body in the air. 
He consequently considered himself to be the inventor of the 
air balloon. But it is only fair to point out that he made no 
attempt of any sort on a practical scale. Leo Cavallo did indeed 
blow soap bubbles filled with hydrogen, and also experimented 
with rubber Solution, varnishes and oils ; he noticed that such 
soap bubbles moved much faster than usual. He then tried to 
fiU bladders and small bags made of special paper with the gas ; 
but it immediately escaped through the pores. He was on the 
point of trying goldbeaters' skin, when he was anticipated by the 
brothers Montgolfier. 

Stephen and Joseph Montgolfier were sons of a rieh paper- 
maker in Annonay, and are undoubtedly the inventors of the 
aerostatic airship. Naturally enough, tradition reports that the 
whole thing was due to an accident. One of the brothers is said 
to have dried his silk coat over the oven and to have noticed that 
-the heated air tended to lift it. But such tales lose much of 
their foree when it is stated that both brothers had long and care- 
fully studied both mathematics and physics, and that numerous 
improvements introduced by them into the workmg of the paper 
factory were ample evidence of practical capacity. Joseph Mont- 
golfier was the first to interest himself in aeronautics, and he is 
stated to have descended from the roof of his house by means of 
a parachute in 1771. He occupied his mind with the possibilit' 
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o( EdechanJcnl c1e\ices as ap])lied to ftyitig maehmea, and diäeofiae^i 
frequetiüy with his h rot her ihe various treAtisee which existed 
on the {iuhji^*t, ami tbe feaeihility ot suggestions which had 
been macle, Galieii'g idea of tiUing receivera with air drawii 
from liigher levels si^ecially intereBted thetn, and the movement 
of tliG elomU sc^t^med to jusüfy hojies. Accordmgly thev |)assed 
Bteain into a rt^ceiver* and noticed tliat the vessel had a tendencT 
to risti in the air. Ilowever, the steam ßoon Condensed; they 




hin,, lj._l'lüucli phüt^mphc!«! fram a bftUoon. 

tlierefore rüfieutiHl tlit^ir experioienfc with smoke, which produced 
tha mmv t^llVrL Tlic Birinke esc4ii)ed throiigh the porea ot Uie 
]^Jl^vor hn^f wliii'h neied an riT^ivt^r ; the results were therefore nci 

Ih Hrr ilkjin f .^inn, :irHl Her * x i»t rhiir-n^H wrTP teuiporarilj ßUö- 

1H'M(1(m1. Pricsih'v's wnrk mi ihr ditTereiit kiiuls of "air" was 
iiaii^ljihMl iiiio J''i'(;iicli in JTTC», and sn«,'^^r>t('il to them the use 
of liydrnL'«*!!. Tluy üIIimI jjapcr \n\'^> with hydrof];en, which 
(*sc*a[>e(l at (nic(; tliriMi;^^!! iht» pm-cs. Tlieir iiext idea was that 
the cIoikIs wriT ^u[)|)<)rh'il l)y el^riric-al nieans. They lighted a 

re ImjIow iln'ir ]»allnoii and fc.l il with W(!t straw and wool. 

'he lirst balloou was soon lairnl; Init they coiisinicted another 
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which held 700 cubic feet and rose to a height of 1,000 IL 
Oradually tliey carried out their experiments on a larger scale, 
and the tirst public exbibition was niade on June 5tli, 1783. 
The}' constructed a paper balloon, 11*2 ft, in circiuiiference, and 
filled it with bot air by means of a fire placed below it* The 



baUoon rose in the presence of the astonished spectators to a 
height of 1,000 lt., butfell to the gronnd in teu minutea owing to 
tho gradual eseupe of the bot air, 

The Aeademie des Sciences, whieh has alwajs tu med its 
searebing glanee on any mecbaiiical improvement, forthwith 
invited the brotbers Mootgolfier to repeat their experiment in 
Parig. But before they were able to iindertake the jouma' 
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Paris had become familiär with tlie sight of a balloon in mid-air. 
ProfeBBor Faujas de Saint-Fond started a subscription list for 
the purpose of raising fundä, and tbe physicist Charles was 
entrusted with the pnictical work. Charles was familiär with 
the properties of hydrogen from his laboratory work, and saw at 
once that the lightness of the heated air had caused \Fontgolfier's 
balloon to rise. He therefore concluded that the use of hydrogen 
would constitute a still further improvement. and would have the 
ohviouB advantage of decreasing the size of the receiver owing to 
itH greater buoyancy. He also knew that hydrogen escaped much 
niore easily than air throuj^h the pores of the envelope, and con- 
sequently well uiulerstood the necessity of making the silk 
covering thoroughly airtight. The hrothers Robert, who had 
Kucceeded in dissolving rubher, were able to provide him with an 
<;xcellent medium for coating his balloon, and it is interesting to 
iiote that even at the present day no better covering is known 
for the puri)()se. Hydrogen was prepared from sulphuric acid 
and iron turiiings. Biit iiotwithstanding the apparent simplicity 
of tbe arrangemcnts, it to«>k four days to IUI a balloon, 13 ft. in 
'liuiiioter, and nM|nire<1 half a ton of iron and a qiiarter of a ton 
of huli>huri(.- aci<L The l>oonnng of cannon on August 29th, 1783. 
arjnounced to tlie Pariisians the impending tlight of the balloon. 
In sj;ite of lieavy rain, 800.000 öi>ectators collected in the Champs 
(Ui Mars, and so great was the enthusiasm that silksand satins were 
(:t}Ui\iUiU:\y forgotten tili the )>alloon had made a Start. It 
wf;igbed ratlier less than 20 Ibs., and speedily rose in the air, 
dihapp^iaring in the clouds. After a short tinie it was seen again at 
fi ^nt'.iii beight, but appeared to be ruptured.presiimably owing to 
ilH baving l»^-on too strongly intlated. The treatment it received 
on reacliiijgthe ground in the neighbourhood of Paris was amus- 
ing. 'i'ho pfcuirants saw it falling from the clouds, and ascril>ed 
itH pre.-.<:nce to tlie agency of the devil. They therefore attacked 
it with rakrs i\w\ lioes and anything eise that was handj'. It was 
Jlnally f<isteiied to the tjiil of a horse, and dragged about, trailing 
on \\u; ^ooiind, tili nothijig was left. The Government therefore 
thon^/litit nec^>;.-ary Loacquaint the rusticmind with the natureof 
the new invention, and to request betler treatment for it in future. 



THE INVENTION OF THE AIR BALLOON. 13 

In the meantime, Montgolfier had reached Paris, and ander 
the auspices of the Academie des Sciences, constructed a linen 
balloon of curious shape. The middle portion was cylindrical, 
being 42 ft. in diameter, and 26 ft. in height ; above this there 
was a conical portion, 30 ft. high, and at the bottom the cylinder 
was closed by a similar conical piece, 20 ft. in length. The 
framework was covered with paper, both on the inside and 
outside. The balloon presented a magnificent appearance, and 
was decorated with gold on a background of blue. But the Fates 
were against the inventor. A heavy rainstorm loosened the 
paper from the linen; the linen in its turn was torn at the 
seams ; and finally, a strong wind completed in twenty-four hours 
the entire destruction of the work of many months. Montgolfier 
at once constructed a new spherical balloon, having a capacity of 
52,000 cubic feet, out of waterproof linen, and made an ascent in 
the courtyard of the palace at Versailles on September 19th. 
The car attached to the balloon took up three passengers in the 
form of a sheep, a cock, and a duck. The apparatus came to 
earth eight minutes after the start, the descent being caused by 
a rent at the top, which was probably made during inflation. 
The duck and sheep were just as lively as they were before the 
Start ; but the cock appeared to have suflfered some injury, 
which was ascribed by the learned to the efifects of the rarefied 
atmosphere, whereas it was later clearly shown to have been due 
to the fact that it had been trodden on by the sheep. 

The brothers Montgolfier were everywhere received with the 
greatest enthusiasm. The King conferred the Order of St. 
Michael on Stephen, and a pension of £40 on Joseph, while 
their father received a patent of nobility with the motto, ** Sie 
itur ad astral The Academie des Sciences also conferred 
honours on them, in addition to a prize of money, which had 
been set apart for distinction in the arts and sciences. Both 
were made members of the Legion of Honour, and a deputation 
of scientific men, headed by Faujas de Saint-Fond, presented 
Stephen with a gold medal, which had been Struck in honour o£ 
his achievements. 



CHAPTER III. 

MONTOOLFIEREft. CHARLIERES, AND ROZI^RBS. 

The entbusiasm in Paris was great, and people amused them- 
selves witb the manufacture of small balloons on tbe Montgolfier 
pattern. Baron de Beauinanoir was the first to construct them 
of goldl)eater's skin, a metliod wliich )ias since found favour in 
tbe English army. The diameter of his balloon was 18 in., and 
it was filled with hydrogen. The small skins, which measore 
aboiit 30 in. hy 10 in., are very suitable for the purjwse, being light 
and airtight. Still, it niiist be admitted that it is a costly form 
of construction. Naturally enough many doubted whether any- 
thing likely to l)e really profitable to humanity would resolt. 
Benjamin Franklin, who was present at one of these ascents, 
was asked by a man what was the use of it all, and replied by 
asking ** What's the use of a baby?" Siniilar questions are 
often asked alM)ut dirigible balloons, but the entbusiasm of the 
inventor is not easily damped. 

Stephen Montgolfier proceeded to build a new balloon, 
intended to carry passengers. It was therefore much bigger 
than its predecessor ; its beight was 85 ft., and its diameter 
50 ft., the capacity being 100,000 cubic feet. The exterior was 
highly decorated, and the car, intended to hold the passengers, 
was suspended below. The balloon was filled through a short 
cylindrieal opening, constructed of linen ; beneath this a pan was 
ßuspended on which the lire was lighted. Pilatre de Bozier was 
the first to ascend in a captive balloon ; this he accomplished on 
October 15th, 1783, when he rose to a beight of 80 fL His 
presence of mind was shown on an occasion when the balloon 
was blown against a tree at a considerable beight ; by diligent 
stoking of the fire he caused it to rise above the tree and so free 
itself from the entanglenient. In the same year Kozier under- 
Jtook the first expedition in a free balloon with the Marquis 
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d'Ärhuules aa a eompaiiion, It was only with great difficiiltjr 
that the King was persnaded to give bis permission, m it liad 
been intended to experimeiit on two crimiaak who were con- 
demued to deatb^ and their Uvea were to have been spiire-l if 
they succeeded in reaehinj; the g round in safetj. Tlie King, 
however» lirially gave bis consent, and on November 21 Bt, 1783, 
Filatre de Eozier and the Marquis d^Arlandes made a journey 
laeting twenty-five minutes* They carae safely to the ground, 
but the balloon immediately coUapsed, and Eozier was ahnost 



'-j^i. 



Fio* 8.— F'ortjengrat» an Atpine penk. Thotograpli by Hi>elterioi. 

buried beneath the ruins. He was» however, rescued by his 
companion, and able to crawl out into the open* Similar 
accidents bappen nowadays in ealm weather if the landing eausee 
uny rupture in the body of the balloon. The gas then escapes 
very snddeüly» and the balloon collapses without any warning* 
Sotne years ago, an Äustriao olbcer would have been siiffocatetl 
in tbis way if be had not received iimely help froin bis 
frieiids, 

Increaaed interest eontinued to be taken in the sport, luid 
venturesome ladies occasionally mounted the car. On June 4tb, 
17B4, at Lyons, Ifadame Thible ascended in a free balloon in the 
prei^eoee ol King Gustavus HL ot ßweden. The journey lasted 
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fthree-qaartera ot an hoar. and a heighfc of 9,000 ft 

Still it soon became apparent that fpreat dioadTmategaa 

to balloons of the hotair tjpe» and ihe danger of fix« vaa g|«i^ 

both betöre and after the Btaii. Fire-extingttiahitis «onlriTai]«» 

were alwaj-s at band during the Alling operattons, and 

Standing this, more ihan one balloon was completelj 

by the Harnes. On landing there was always trooble owing to 

the fact that the body of the balloon feil on the pan, wfaieh wm 

often still glowing bot. The danger both to person and propertj 

which aroBe from the use of bot air made ariy estended ose of 





K n ; . 1». A succi^f ul landing. 

this tvpe of balloon oiit of the question. It was fortber impos- 
8i1)l(i to carry any large ainoimt of combnstible on the joamey» 
and Ulis limited tbc distance that could be travelled. The 
nicthod ori^inally iiHed hy Montgolfier of Imming a mixtare of 
Htraw and wool ^vas found to he the l)est, as it prodaoed a bright 
and lively Harne withoutmnch smoke. Saiissure, the well-known 
pliysicist, had proi:K)8cd to use alder wood in place of straw. In 
Order to study the (juestion carefuUy and to note the neoessaiy 
conditions he had retiiained on the ear of one of Montgolfier's 
halloons for eighteen niinutes during the preliminary inflation, 
in spite of the great heat. He proved thereby that the hottest 
air at the top is free from oxygen, but contains great quantities 
of the gases of combuBtion and water vapour. He also showed 
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by means of laboratory experiments that the ascent of the 
balloon is caused not by the heat directly, bat by the rarefaction 
of the air thereby produced. The weights and lifting powers of 
the air at dififerent temperatures are somewhat as foUows. 
assuming a barometric pressure of 30 in. of mercury : — 



Temperatur« 


in 


Weight per cabic foot of 


Ufting power per cabic foot 


(legrees Fahren 


heit. 


air in Ibs. 


in Ibs., compared with 40° F. 


40 


008 





80 




0074 


0006 


120 




0069 


0011 


160 




0064 


0016 


200 




006 


002 


212 




0059 


0021 



At a height of 8,880 ft., a cabic foot of air at a temperatare of 
82° Fahr, weighs only 0*059 Ib., and therefore a " Montgolfiere '' 
cannot reach a greater height than this, seeing that the '* lift " 
then disappears, unless the temperatures, given in the above 
table, can be exceeded. 

All these considerations tended to show that the type associated 
with the name of Professor Charles was better. He had indeed 
specially built a new balloon 80 ft. in diameter, for the purpose 
of atmospheric observations. The construction of Charles' 
balloon was very similar to that in use at present, and it may 
therefore be of interest to describe it more minutely. The silk 
covering was coated with rubber Solution, as has been already 
stated. An outer net was also employed, which was intendea 
partly to support the silk covering, and partly to distribute the 
pressure more uniformly over the whole surface. The net, as 
used by Charles, covered only the upper half of his balloon, and 
ended in a wooden ring, which was connected to the car by 
ropes. The length of these ropes is a matter of importance- 
Fpom the point of view of diminishing the load, it is well to 
keep them as short as possible; but on the other band, the 
danger which may attend the escape of gases from the balloon 
makes it im possible to place the car toü close to the body. In 
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Germany it is osaally sospended abont 8 ft below ihe bo^; in 
France the two are placed much nearer to one another. Manj 
accidents have taken place in France with balloons filled with 
hydrogen prepared from sulphuric acid and iron. Sulphurie 
acid is very liable to contain arsenic, which easily passes wtth 
the hydrogen into the balloon, and is fatal in very small doaeB, 
Beveral aeronants having met their deaths in France owing to 
this cause. The method which Charles used for the constroction 
of his net is still in vogue, biit it is now so arranged as to cover 
the eniire balloon. He niade a marked improvement bj placing 
a valve at the top, and by this means he was able to allow the 
gas to esca{)e at will. The most ordinary kind of valve is some 
form of the plate or butterily type. The original confotruction 
consisted of a wooden ring with a transverse strip, to which two 
Aap yalves were fastened by means of hinges. These valves 
were operated f roin the car by means of ropes, and were normally 
kept closed by Springs, which pressed them against their seatings. 
In another form of valve a Hat plate is pulled away from its 
wooden seating, allowing the gas to pass out sideways. In order 
to ensure the tightncss of the valve, the plates or flaps have 
Sharp edges, which are pressed against a rubber packing. It was 
formerly t)iü practice to use a special kind of luting to ensure a 
good fit, bat after the valve has been opened and shut a few 
times, such a Joint becomes almost useless. Generally speaking, 
the valve is only used for the pur2)os6 of effecting a descent ; any 
other use only results in loss of buoyancy with a consequent 
shortening of the time during which the joumey can be continued. 
It is of course also used in order to fall to a lower level, in the 
hope of finding more favourable breezes. 

At the bottom of Charles's balloon he had a tube about 7 in, 
in diameter, through which the gases were passed into the body 
of the balloon, and through which they eould also escape in case 
of any rise of internal pressure. This neck is nowadays generally 
left open. The diniinislied pressure ou rising causes the gases 
to expaiid, a result which may also be caused by an increase of 
temperature. If, therefore, this opening were closed, and the 
gases were unable to escape, the whole balloon might be sbattered. 
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The length and diameter of the opening must be somewhat in 
Proportion to the content s of the balloon, and suitable sizes can 
be calculated by anyone with sufl&cieht general experience. 

The gas was prepared by Charles by the reaction of sulphuric 
acid on iron turnings, which were therefore mixed with water in 
barreis, and on the addition of sulphuric acid the reaction imme- 
diately took place. The gas must be washed by passing through 
water, and is then cooled and dried. The various processes are 
not, however, quite so simple as would appear at first sight. 
Sulphuric acid is a corrosive fluid, and lead is one of the few 
substances which it does not attack ; consequently it is extremely 
diflScult to get the gas in a state of purity. As a matter of 
historical interest, it may be pointed out that the first gas 
explosion took place over the Alling of one of these balloons, 
and was caused by a lamp which was brought near a leaky 
barrel. Tliis is caused by a mixture of two volumes of hydrogen 
with five of air; the heat of combination expands the water 
vapour, which is formed by the reaction, to such an extent as to 
cause a very violent explosion. It took three days and three 
nights, with the aid of twenty barreis, to generate 14,000 cubic 
feet of hydrogen, but at last, on December Ist, Charles had 
completed all his arrangements for the ascent. 

The fittin^s carried on the car of the balloon included many 
novelties. For the purpose of facilitatiilg the descent during a 
heavy wind, he carried a kind of anchor, which was fastened at 
the end of a long rope. His idea was that the grapnel would 
hold the balloon at a safe distance from the ground until it was 
possible to allow a sufficient amount of gas to escape through 
the open valve and so complete the descent. He also carried a 
barometer, which he had himselt constructed for the purpose of 
determining the height to which the balloon had risen, and 
herein may be seen the result of the ideas which originated with 
Lana and Galien. In order to determine the direction of the 
wind before starting, Charles had provided a small pilot balloon, 
6 ft. in diameter, which he handed to Montgolfier with the 
words, ** C'est a vous qu'il appartient de nous ouvrir la route des 
cieux." The good feeling thus shown to Montgolfier showed that 

c 2 
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seeing that he mast have well known that a sphere oombines 
the greatest volume with the smallest sarface. In the {»lot 
balloon he invented an auxiliary which is of great use in meteoro- 
logy as well as in aeronautics» and it is obvioasly of importanee 
to know beforehand the direction of the overhead breezes. The 
Abbes Miollan and Janinet had a special method for nsing th^n 
during a voyage. They proposed to keep one small ballooD, 
filled with hydrogen, at a lieight of 150 ft. above the main traek, 
and a second, filled with air, at the same distance below. In this 
way they would he ahle to detemiine the direction of the breexes 
over a vertical space of BOO ft. Surrgestions of this kind are, 
however, of no great value. The direction of the wind at a level 
below that of the cur can easily be found by throwing out small 
pieces of paper; und an overhead pilot would be completely 
hidden bv the hody of the main balloon, unless the rope by 
which it wah attached whh inordinately long. Moreover, there 
aiie other and obvious dilhculties attaching to their use. 

These pilot l)aIloon8 have played a great part at populär 
fetitivities, on which occasions their weird shapes and many 
colours have added to the gaiety of the scene. From the 
pcofessioiial point of view, displays of this kind are of no im- 
portanee, ))iit one occasioii may he noticed on account of its 
historical interesl. A man named Garnerin was well known on 
account of his niany descents by means of a paraehute. He 
was therefore comniissioned to send up a pilot balloon on the 
occasion of Napoleon's coronation in 1806. This was done, and 
the balloon found its way to Korne, where it descended on the 
tonil) of Xero. Napoleon regarded this as an evil omen, and 
is siipposed to have conceived a violent antipathy to ballooning 
in any form, even in its application to military purposes. 

Charles made bis ascent with one of the brothers Bobert 
011 l^ecember Ist, 1783, in fme weather before a large con- 
course of people. Ho afterwards wrote in glow^ing terms of the 
deli^^ht wliich he exporieiiced on journevs of this kind. On tliis 
particular occasion they covored about 40 miles in 8f hours and 
arrived at Nesles, where Kobert landed, while Charles continued 
bis journey alone. lie then rose to a great height, and was 
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exiiosed to the mipleasant effecfcs öt the rareüecl atmosphere- 
In consequence of the very rapid ascent he experiöiiced great 
pain in the enrs, beaides suffering acufcely fmm the cold ; he 
therefore opeiied tbe valve, and came to earlh in 35 minutes from 
ihe Start, at a distftnee of a few milea from the apot where he 
had left his friend. The balloori had been satisfactorUj tested 
in every waj- In particular, the beiiefil of the open tube at the 




FlCg, 12»— A bsilliNiii in ibe act of lautÜDi^. To tlie right of tbe bfiäk«^t ia seeit 
Lhü baJliiwt-sarid, which has juat beea tlirown o^it, 

hottom was very evident on the oceasiou of the seeood jouroey, 
wbeii the gas Btreaiued out iu great vobmies uuder the dkninished 
pressure. After Kohett had hiuded, he had forgotten to take on 
hoard a corresponding t|imnlity of Imllast, At Btartiiifj he had 
lilied the earwith aiä iiiany Backs of sandas hecouid carry, bat he 
forgot to give tbe uuitter further iitteiitifm, It in ioapoasible so to 
B construct a balloon ihat tbe gas sball not be abte to eßcape througb 
■ the sub.stanee eotnpOHing tbe walls. Tliis is due to a proj>erty of 
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CliarlcH' Imlloons, wliidi were called the " Charlit-re," the 
••('liurloit*'." ai!«l the " liobertine." liad l>een coni]>Ietely snccess- 
ful, ainl liiul jilto;^'<-tlitM* oclipseil the efforts of Montgolfier. The 
Kill«:: of FniiKM* onlorrd a inedal to be striick on which Charles* 
hfjul slinuld li^^mr iM'sidt* tliose of tlie hrothers Moiitgolfier, and 




In.. l;i. "T: < ■ K" ,. ?•. ." i-cii^iMi.'t .i i.v l*il;Mio«k' Knzirr. 



in ilii> \\\\\ lir })i-.)j)ii-ril to (lo h«»iii»iir to all the inventors 

^ill^lll!llH■^»l|siv. 

Tlic l'iiilnniis. cnlh «l ** .IIo/iÜH->.'* NNJih'li wvvv \\uu\ki h\ Vüiiire de 
llo/.i» r. w« IC « \<ii It <s Micccssfnl tlKiii ihci^t- ut the hol ah* tyi)e. 
liu/i« i- WM' :iii\!c»iir- ii) Ii:ivr ilir ili>iiiicn(iii (if hrin^ tlio ürst to 
<'i »:-^ lin liiL-li h ('li:jiiinl. r.iii. lic \\;i:- niii icipMiiMl h\ lilanchard, 
\vln..-.i l!\iii;. (Ml- li:i.- iiri-n mIti'M'Iv niciitinin ,1, aiiil wlio had since 
llif»-r (l.i\~ Imim.iii»' ;i i'iofcv>ir»nMl Lall« m .ni>! . A iiumber of 
iisi-iii! . I):i(] lurii iiiMclr iii flüVcrt'iit 1«I:UT> (in llir C'uiitineiit, and. 
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he now proposed to make the journey from Dover to Calais. A 
Start was made at Dover on January 7th, 1785, in Company with 
an American doctor named Jeffries. He took with him a variety 
of useless things in the shape of oars, provisions, and much eise. 
The whole thing would have sunk in the w ater at the moment of 
starting if all the ballast had not been throw'n overboard. With 
great diflBculty they succeeded in covering half the distance, 
thongh they were obliged to throw away everything on which 
they could lay their hands, including a mass of correspondence 
and books, together with most of their provisions. They then 
sighted the French coast on the horizon, but the imminent 
coUapse of their balloon made the outlook anything but hopeful. 
Blanchard now threw overboard the wings, which he had stated 
were necessary for the support of the contrivance and for guiding 
it in any given direction through the air. This did not produce 
the desired result, and they began to strip themselves of their 
elothing ; but it only sank further and further, tili Dr. Jeffries 
proposed to lighten the load by jumping into the water. How- 
ever, this plan proved unnecessary, as also was another scheme 
for cutting the car away from the balloon. Suddenly they rose 
in the air, and with great diflBculty they effected a landing on the 
coast near Calais, where they were received with many rejoicings. 
A marble column with suitable inscription was erected on the 
spot, to convey to future ages the facts relating to the first 
Crossing of the Channel by balloon. 

Pilätre de Rozier thought much over this adventure, and 
determined to repeat it at all hazards. The diflSculties into 
which Blanchard and Jeffries had fallen were to be avoided by 
constructing a special form of balloon. He proposed to combine 
the ideas of Charles with those of Montgolfier, hoping to be able 
to balance the losses, due to the escape of hydrogen, against the 
lifting power, which he could generate, as required, by means of 
hot air. He therefore made a spherical balloon after the 
methods of Charles, and placed below it a cylindrical reeeiver, 
which could be filled with hot air. The rope for Controlling the 
valve was brought down on the outside. He thought, by suitably 
. regulating the heat of the fire, to be able to rise or fall, and the 
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ctirefiil study which he had given to this aspect of the problem 
led hini to tliink tliat this would constitute a very desirable 
feiiture in the coiuhination. He determined to start from tbe 
French coast, hiit was obliged to wait a long tiiue tili there was 
a favourahle easterly hreeze. At last, on June 16th, 1785, he 
Ktarted wilh ii friend in the *' Aero-Montgolliere," as it wag 
ealled. The halloon rose rather rapidly, and remained stationary 
fnr a short tinie in the air. It then feil suddenl^* on the cliff, 
and l)oth passen^vis lost their lives. According to the testimoiiv 
of those Nvho ^vitnes^ed the accident, a cloud was seen round ihe 
halloon jiist at tlir nionient when it feil. An explosion was 
therefore tluj proljahle cause of the accident, and this seems very 
IM)ssil)le, sfein«^' ihat it is alleged there were slight leakages of 
hvdrogen, wiiicli were noticed hefore the start. 

Tliis accident had the effect of cooling the ardour of enthusi- 
asts, and thti nunil)er of journeys tluit were uade decreased veiy 
nridly. ( ninit /anil>cccan, an Italian. had little l)etter luck 
tlian liozicr. llc htatcd the liol-air halloon with a large spirit 
lam[). At \\\> tirst altcinpt lie had the niisfortune to fall into 
the Adrialic, l»ui was rcM-ued l>y sonie sailors with the loss of his 
Imllooii. AI liis x'cond aticnipt, tlie lieating arrangements worked 
achiiinil'ly. init as he was dcsctnaUng the lamp was upset, and the 
car was mi oh {'wr. His conipanion displayed great agility and 
reachcd ihc «4r<»nnd witli the htd}» of the anchor rope. Butthecon- 
s((]iieMct; of ihis,aiid (»f the •;reat heat, was that ihe car suddenly 
rose to a ^.ncat ht'i;;lit, where Zanibeccari succeeded in extinguish- 
in;; the tlaine>. }>nt this was no sooner done than tiie balloon de- 
hceiided suddenly into the Adiiatic, as hefore, and Zambeccari was 
rescut^l hysoiiir li>li«M-iiien, iliou^h the halloon hecame a total loss. 
He linally jilteiiiptrd an asceiit at J^olo^^na in 1812. The balloon 
was hlown hy tiiewind a^aiiist a tree, the spirit was upset, and the 
car auaiii sei on lirt?. Ile niet his death hy jumping from the 
hallo(»n wheii it \\;is at a di^tanct» of ahout ()() ft. from the ground. 

This const itiiles the last jippearance of '* llo/icres" in the history 
oi ac^ronaulics, and tliou;;!] scluMiies of this kind have since heen 
niooted, the dan^^ir atlachinf,' to work on these lines has always 
prevenled any jaactical outconie. 



CHAPTEB IV. 

THE THEORY OF THE BALLOON. 

All investigations into the theory of the balloon rest upon the 
principle of Archimedes. Years before the birth of Christ he 
enunciated the foUowhig law. ** Every body, which is immersed 
in a fluid, is acted upon by an upward force, exactly equal to the 
weight of the fluid, which is displaced by the immersed body." 
A result of this law is that a body will rest in aiiy position, if 
immersed in a fluid of equal specific gravity ; if the body has a 
greater specific gravity than the fluid, it will sink, and on the 
other band, if it has a less specific gravit}% it will float. This 
law can be extended so as to apply to all gases, and a balloon will 
therefore rise in the air, if its total deadweight is less than that 
of the air which it displaces. 

A simple piece of apparatus is needed to show experimentally 
the truth of these assertions. Two spheres appear to have the 
same weight, when placed on an ordinary balance, the one being 
solid and the other hollow. If now the balance and the spheres 
are placed (m the receiver of an air pump, and the air removed, 
the hollow sphere will appear to be the heavier. It is therefore 
evident that the hollow sphere is acted upon by a greater upward 
force when weighed in air than when weighed in a vacuum. The 
reason for this is very evident, when we consider that the 
weight of the gas displaced by the hollow sphere under the 
receiver of the air pump is much less than when it is weighed in 
the open air. It is therefore necessary to understand the 
proi)ertie8 of the air and of the gases used for filling balloons, 
before any adequate conception of the principles underlying 
their movements can be formed. 

The air may be looked upon as a mixture of 79 per cent. of 
nitrogen with 21 per cent. of oxygen. Gases have a tendency to 
diffuse themselves on all sides; they have therefore great 



'IH 



AlliSlIirs l'AST AM) PhKSKXT. 



il;i>lij-il V :tllil «-Uli \n- r;i>ilv rniii|irrSM'il. TliO WiM^lit "f ii rUi-lL' 

f«M.! iit tili- .iiiiK-plu-n- ;ii :i !«'in]»er:iiiin' «if :V2 Viihr. wm /. 
pn-^jin- i'l '2\i*J'l in. <»f im ri-iirv. i-» O'OSOT U».; llie \vi.-i;iht fd ;■ 
nihif li'(»l •»! li\«li«';^'t II mulrr llu? sann* ('(iiidition^ i> *n\\\ 
(i-dO")!'» lli., iiinl i-t :i nil'ic Im»! uf cojil f^as al»üin n-04 11». oii n:. 
avM'jim'. TIh' law »»i Art'liiiiMiK'> lluTt-fnu« htates iliat a cuhic 
t«Hii <.f li Vi In»;;« 11 will Im- aclt«! uimhi liy an U])\var(l forc-t' if 
(roTril lli.. and tliat llh- fnicr actiii^' (111 :i culäc fooi of coal j;aä 
will In» >iniilarl\ (»'OlüT 11.. ili-rr we liave iissuined that the 





liy(lr«»-ri; i^ cIm iiiiciüy piüf. In j '»in! «•: lact. tili- aliow fi«::[ure.s 
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ii])\\arc| i« rcr iir-i ii;- < n 1 1 . 1 mÜi-im. h will ila-ri-tort? lie eviiU*nt 
tliat ilii- .-i/^ nni-t Ic »■.■!■ -i-i. i.ii.lr it i' i.~ !<• 1-c rapaMe of risiiig 
iniliraii-. TIm i«'|l<'\\ !'■■.■ • Mj!|.!. will |M"rl,:!j's mal;»' lliis dearer. 
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llir wci.i^lii (ifll)f <•(!)! Im ine« 1 liy.li(.:.r«ii i.-(inl_\ ] I^ll». (.'(HistMjueiitly 
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pie net upward force is 1,022 !bs. If the expedition is to he 
^unclertaläen at a modern tely low level, thiB force will probahly he 
.öufticieut, and a reftsonable nunilier of passen gers could }m 
irried, together with Instruments, maps, and a Buflicieney of 
iast. Bat if it is intended to rise to great heiglits» thinga 
1)6Come verv different» Aeeording to the latest results, the 
atmosphere ia supiwsed to he about 125 mÜes hii:(h ; conseqnently 
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Hin terato isser. 



tbe density and pressure of the air graduaUy decreases the higher 
we rise. The experiinent wbich Torieelü earried out in 1643 
with a glass tabe, about 3 ft, long, hlled wttb mereury, is well 
known^ andon tbe facts wbich be tben discoveredj the construc- 
tiön of tbe harometer has been based. A mercury barometer is^ 
however, very inconvenient for tbe hanooniat, and in very liable 
to be hroken during the hinding, Tbe aneroid type in tberefore 
preferred, Tbis consists of a very flexible metal tulie, from the 
iiiBide of whieh the air has been exhausted ; it is tberefore more 
or less defortned by tbe external pressure of the atmosphere. A , 
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pointer on the front of tlie Instrument is connected by an ingenions 
mechanism to the niettil tiibe, and shows the araount of llexure 
or deformation which the tube has undergone at any moment. 
Thiß i)oint€r moves over a scale, and gives the pressure of the 
atmosphere in incheH of niercury. Most of the aneroids, wbich are 
intended for aeronautical work, have a further graduation on the 
scale, showing the hei^^^ht, which is generally ealculated with- 
reference to sonie particular teni|>erature, and is therefore liaUa ; 
to be very inaccurate. Hergesell gives a eonvenieiit formnbj 
which niay be expressed as foUows, viz. — -" 

j^ __ n^rM) (/' - /;) (oim + 0-0022 1) 

In this iM}nati()ii, // dtHiotes tht* hei^ht to l»e ealculated in feet; ' 
P is the l)ar()iiH4rii* j)rossun' at the earth's surface in inches of ^ 
mercurv; p is the pivssun* at th(^ height // ; Ms the niean tenw 'j 
perature in dcgrces Fahrenheit. Siii)pose, then, that P is SO in., ^ 
p is 25i in., t is -IH Fahr. Siihstitiiting these values in the • 
fonnula, it will hv found that the height in question is 4,400 ft. 

Th(; force willi wliieli the ballooii is driven upwards wÜt' 
decreasf as the pressun; of the alni()sj)here decreases, seeing that? 
tlu' air which it displaees is less dense and therefore weighs less. • 
The ;;reater the atniospherie pressure, the greater will be the 
iipward force. It will also he noticed, as a matter of experienoe, 
that the (piaiitity of gas re«[uire(l hy the hallooii varies fromday to 
day. TorieelJi's experhnents showed that the atniosj)here exerts 
an average j)ressure ecpial to that of a eoliinin of mercury 
29'1>*2 in. high ; the spec-itie gravity of niercury is 13*59, and 
th(?refore the pressure of the air on a sciuare inch is 14'706 Ibs. 
Lei US sui)p(>se the air to he contained in a cylinder, which is 
closed hy an airli^Oii pistnn, the cross seclion of the cylinder 
being 1 s(piar(; inch in area. i.et us further sui)])0se that this 
little piece of apparatus is ])lace(| luMieath the receiver of the air 
puni}). It will then he found that. if the jä^ton is to he kept in 
Position without allowing the gas in the cylinder to expand. it 
will he necessary to load it witli a weiglil of 1 l'T Ihs. If the piston 
is loa<le(l witli a weight of 'li)'i Ihs., the volunie of the gas will l)e 
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['•lilt" whicb acts oo a ballooii at dififereiit heiglitö, or wiUj 
Edifferent ainiospherie pressures. Let us suppose that the baro- 
[nietric pressure ia that of 80 m, of mercury, nnd that the " lift '* 
1,600 Ibi^. If the pressure siuks to 29 in,, the hft will become 
of 1,600 Ihs., Lt\, l,55ü Ihs. The difference hetweeii these 
¥0 toVQm is 50 Ibs-, and corresponds to the weight of aliout two 
o! ballast, At a height of 6,(>00 ft. a cubic foot of air 
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weip:hs only 0*00 1 Ib., and a cubic foot of hjdrogea would weigfa 
0*0031)0 Ib. It ifl therefore possible in this way to determine the 
f^reiitent height to whicb it is possible to ascend, if the dead- 
weif^ht of tiie balloon is already known. 

Hitherto we have assumed the temperature to be constant, and 
it is necessary to examine the eflfect produced by its Variation. 
The application of heat increases the volume of any gas. A 
simple experiment will make the matter piain. Take a glass 
tube, closed at the one end, and hold the open end below the 
surface of some water. If the glass tube is heated, it will be seen 
that bubbles escape through the water, owing to theexpansion of 
the air within the tul)e. If it is then allowed to cool, the contrac- 
ti<m of the uir still reniaining in the tube will ))e made evident 
by the rise of water, which is sucked up to take the place of the 
retreatin(<; niw and (ray-LuBsac lias shown that all gases are equally 
expanded or contracted by the satne variations of temperature. 

Finally, the dilTiision of gases must be noticed. Let us suppose 
a closed vessel to be divided into compartments by means of a 
poroiis partition. and the two halves to be iilled with different 
gases. It will l>e foiind after a tinie that the two gases have 
niixed coniplrU'ly with one anoiher, even if the heavier gas 
shnuld Imvc havu put in the lower half of the vessel. The speed 
witli wliitli tlu' niixlun» takes place depends on the specific 
gravitics of tlir gases in (luestion ; for instance, hydrogen will 
go niore tasily througli a ix)r()U8 partition than coal gas or air. 
As a gencral rule, it niay be said that the diflfusion-velocities are 
inversely j proportional lo ihe sqnare roots of the specific gravfiies 
of tlu» gases. Au obvioiis con6e([iience of these facts is that the 
ciicloscd gas in a balloon is always escaping through the walls of 
tlic ])0(ly, ainl l^ing r^-placiMl by the intrusion of air. No 
subslanec caii be used through which this dilTusion does not take 
place, however carefully it ih made in the hrst instance. Conse- 
(juently tlir wriglil of the balloon is always gradually on the 
increa><.'. wliiit' thr lifting forres acting on it siniilarly decrease. 
A dccrtaM- cf lifting forcc can oiily l»e niet in one way, and that 
is l»v ilnowin«; ouL ji ccrlain aniount of balla^t. It is of course 
pos>il'lr lo cak'iilate tlu- auiounl wliicii niusL be thrown away. 
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bnt a little experience is far more usefui than any amount of 
calculation. 

It will now be evident that a balloon which is meant for great 
heights must be of great size. In order to make a steady start 
it is usually loaded with as much bailast as it can conveniently 
carry, and this is gradually thrown overboard as the joumey 
proceeds. In consequence of diflfusion a certain amount of the 
gas-contents is always lost, such losses obviously depending on 
the extent to which the leaks have been repaired,.and ballast 
must therefore be thrown out in order to counteract the efifects 
of diflfusion. It has also been pointed out that an increase of 
volume is caused by a rise of temperature. The heat of the 
sun will cause an increase of the volume of the contained gas, 
and unless it is allowed to escape the internal pressure will rise. 
On the other band, a fall of temperature causes a contraction in 
the volume. In this case a smaller amount of air is displaced by 
the balloon, and the upward force acting on it is therefore 
decreased. This too must be counteracted by throwing away 
some ballast. If this were not done it w^ould gradually sink to 
the ground, because the increased atmospheric pressure would 
tend still further to decrease its volume. It is therefore extremely 
important to determine this loss of w^eight with some exactness, 
and not to throw away ballast unnecessarily. The result usually 
produced, if the temperature is at all variable, is to take the 
balloon steadily higher and higher, and a cloudy day with 
intervals of sunshine makes a very unsatisfactory combination 
for the aeronaut, who is apt to find bis ballast disappear all 
too soon. Another peculiarity is shown by a balloon that has 
not been completely filled. As it ascends the gas expands, and 
consequently displaces a larger volume of the surrounding 
atmosphere. This has the indirect eflfect of sending it still 
higher, until at last it becomes completely filled. Any excess of 
gas is then driven oflf and escapes, a position of equilibrium beiiig 
reached. It will therefore be easy to understand why a balloon 
which has made a descent will again rise to a height at least 
equal to that from which it has fallen. 

It is now known that the heat of the sun will cause very 
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coriKiderable variations of temperature within the balloon. This 
waH tirst noticcnl by the brothers Robert duriiig an ascent od 
September 19th, 1784, i>ut it was not tili mach later that any 
exact nieasurements were made. Captain von Sigsfeld, who was 
fatally injured on the occasion of a descent at Antwerp in 1904 
paid 8]M'cial attention to this matter, and concluded that the gases 
in a ball(M)n nii<::ht be heated to a tem[)erature which was S(f or 
90 Fahr, alnwe that of tlie surrounding atmosphere. The effect 
of this on the ** lift ** will l)e evident when it is reuieml)ered that 
u difference of teniiH4*ature of 1° Fahr, alters the weight of a 
cubic foot of foal gas bv O'OOll oz., and of hydrogen 1>t 
0"00()1() oz. A balloon lilled with hydrogen is much less aflfected 
l)y cliangfs of tenipcraturc tlian it would he if iilled with coal gas, 
and is llicn-fon* mach simpler to niancHivre, esi>eeially at night 
tiint'. It is also inipcnlant to notice any tendencj* on the part of 
thr l)jilloon to sink. Otlierwise, if it is only noticed after the 
siiikin^' lias (MHitimuMl for sonn* tinie, it will Im necessarv to 
tlirow ovcrboanl a lar<^'(' aniount of l)aUa8t, and the balloon mav 
(ivciitiially risc to a nmcli j^rcater height than that from which it 
had fallen. A tnitiicr lionblc arises if the sinking is not noticed 
at an carly sta^M«, as the ntrk through which the gas is j)assed 
into ilic l»all(M)n at tlic Ijottoni is usually left o[)en, or in anj'case 
is only sii;4liily cIommI. A drscrnt caiises a contraction in the 
volniiu', and ihcre is a tcndcncy for the air to enter by the neck. 
It tlicn niixcs with the ^'as, and as soon as the balloon rises 
again sonie of the niixtuiv of air and hydrogen escapes, leaving 
the l)allo(»n in a less huoyant condition than it was before the 
sinking bcgan. 

It is th(»refon' a matter of great importance to be able to detect 
at onee any tendency to fall. For this purpose the most useful 
auxiliary is the barometer, more i)articularly one of the recording 
type. liut such instrunients are often sliiggish in their move- 
ments, and fail altogether to show very slight variations. Even 
a very marked Variation is often only shown after it has been in 
2)rogress for some time, hnt to some extent this sliiggishness may 
be avoidod hy gently ta])i)ing the instrumont from time to time. 
These disadvantages have led to the development of instrumenta 
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Fwliich shnw at a glanee any c hange of elevation» Of these, the 
so-callefl ötatoscope, iiiade bj Gmclenwitz, may he taken as a 
type, It ie contained in a metal case» souiewhafc Bimilar to that 
of a watch* Beneath Üie face is a eireiüar opening, into which a 
tightly-stretched rubber mem braue ie fitted, and a small rubber 

f tnlm comraunicates with tbe inside of tbe ease* If now the rubber 
tube is pinehed, the outt^r air ean iio longer Ireely reach the 
inside ol the case. Hiip]>osing the balloon to be ascending, the 

Imr eiiclosed within the stato- 

|sco|)ewill therefore expand, in 
consequence of the reduced 

[external pressure; if it is de- 
scending, the opposite effect 
will take phice* The contrac- 
tion or eximnsion of the en- 
closed air retwts on the nibber 
membraue, whieh will [»e 
sucked inwards durin^:; a de- 
seent, and blown outwards if 
the balloon is rising, The 
movements of the merabrane 
are communicated by very 
delieate wheelwork to a pointer 
on the face of the case, which 
therefore shows at a glajice whether a risiog or falling movement 
is iü progieös. 

It m not always necessary to tbrow out liallast in the caae 
of a monientary deseent. The movements of overhead breezes 
do not ußually take place in straight lines, but rather partake 
of the iiature of wave motion, A balloon whieli is in a state 
of equilibrium usually follows a imth of this sort. ünder such 
circumstances one would merely be li^'asting l>alla9t if it were 
thrown overlM>ard to eomiteract a fall ; with a little patience, it 
would 800D be found that the balloon rises again of it§ own 
aceord. It is therefore rather a matter of determiiiing tbe 
relative niotion between the aeronaut and the surrounding 
atmoephere^ and for this purpose von Sigsfeld has devised the 

D 2 



Fig. 17. — The statöscope, by 
G-nidenwiU. 
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following simple method. Three diflferent kinds of coloured 
papers are torn up into small pieces, the various papers having 
different thicknesses. Consequently each piece of j^aper begins 
to fall at a particular rate, which is known by its colour. For 
instance, let us suppose that the white paper falls at the start 
with a velocity of 18 in. per second, the blue at the rate of 3 ft. 
and the red at the rate of 6 ft. per second. By throwing out 
a handful of these papers, it is possible to teil at once what is 
the vertical movement. If the white pieces remain on a level 
with the balloon, then a fall is in progress at the rate of 
18 in. per second. If all the pieces rise above the balloon, then 
the descent is more rapid than 6 ft. per second ; if they all 
disappear below, then the balloon is either rising or at rest. 
Suppose that the barometer shows an increase of pressure, and 
at the same time it is noticed that the wliite pieces of paper 
remain on a level with the car ; it will then be seen at once 
that the balloon has been caught ])y a descending breeze, 
because otherwise the great mass of the ])alloon would cause a 
mucb quicker descent. In this case, the ballast can be saved. 
The pieces of paper are also usef ul as an indication of the amount 
of ballast which it is necessary to throw overboard in any 
particular case, as much may l)e learnt by noting their appareni 
velocity. A simpler and more primitive method is to hang a 
feather at the end of a kind of fishing-rod over the side of the 
car. If there is no relative motion between the balloon and the 
surrounding air, the feather will remain at rest ; otherwise it will 
rise or fall, and the deduction is obvious in either case. When 
a descent is noticed ballast must be thrown overboard; and 
though there is no precise indication of the momeiit whe)i the 
Operation can be stopped, the gradual sinking of the feather will 
show when the mark has been overshot. A further sign that 
may be noticed is given by the formation of folds on the body of 
the balloon, or by the coUapse of the neck through which the gas 
is 23assed. We shall later have occasion to study the effect of 
meteorological conditions on ballooniug, but for the momeiit we 
propose to consider in the following chapters the liistory and 
development of the dh'igible balloon. 



CHAPTEB V. 

THE DEVELOPMENT OF THE DIRIOIBLE BAIXOON. 

The eager restlessness of tlie human mind is well shown in 
the early history of ballooniiig. Long before the first practica! 
ßuccesses were properly understood, countless suggestions were 
made on all sides with tbe object of coiÄtructing an airship 
wbich öhoiild be ander control in so far as the direction of its 
motion was concerned. Many maebines were actually built; but 
the nuniber of suggestions was out of all proportion to their 
value. Xo idea seems to be too foolish to prevent it from 
l)eing used by a succession of inventors, and it may be said 
that all the good and bad points of modern construction have 
been already used in some form or another in bygone ages. 
We are, however, little better than our ancestors. The most 
idiotic 8ug«^'estioiis, wliich ever entered the mind of man, con- 
tinue to arrive daily by post, until finally one ceases to be 
surprised at unytliiiig. 

The Persian niyth, according to which the King was presented 
with a throne liarnessed to eagles, has been already mentioned, 
and it is rather amusing to Ihid that an Austrian, named Kaiserer, 
published a treatise in 1801, entitled *' A new-method of steering 
balloons by means of eagles.'* Even nowadays the idea does not 
seem dead and buried, for in 1899 a German presented the 
Kaiser with a copy of a book, wherein he propounds a Solution of 
the problem, which consists in harnessing a large number of 
pigeons to tlie balloon. His drawings showed the scheme carried 
out to the niinutest detail, even including the reins, bridles and 

>bits, proving him at any rate to be an expert on paper. It is a 
fact that a German patent was granted for this invention. 
Another absurd idea, which arose in the eighties, was to construct 
a balloon of such a size that it could rise to a beight where it 
would no longer be acted on by the force of gravity, in which 
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case a sail round the earth would be, at the outside, a matter of 
twenty-four hours. 

It is now proposed to take a chronological survey of the 
development of dirigible balloons and flying machines, and to 
mention even some of those that did not directly lead to a 
successful issue. Many have contributed towards a Solution of 
the Problem, but it must at the same time be acknowledged that 
the progress, which was made in the course of some 120 years, 
was extremely small. 

The first idea was taken from ships', and consisted in attempts 
to guide the balloon by means of sails, oars and rudder. Joseph 
Montgolfier showed much sense when he described this scheme, 
in a letter to bis brother, as absurd. He pointed out that even 
if a number of men were to work something of the nature of 
oars, it would only be possible in perfectly calm weather to move 
at the rate of four or five miles an hour. In this connection it 
is necessary to bear in mind the small surface which can be 
exposed by the oars to the air, and to remember that the air 
oÖ'ers an immense resistance to the motion of the balloon, in 
consequence of its enormous size. The only way to compensate 
for the smallness of the oars would be to move them very fast 
and to suitably design the shape of the balloon, and of the oars. 
But there is a limit to human eflfort, and since the resistance of 
the air increases with the Square of the velocity, it soon becomes 
evident that even in gentle breezes the only method of over- 
coming the resistance would be by means of propellers, driven 
at high speeds. The eflfect produced by rudders is similar to 
that produced by them on ships, always supposing the balloon is 
under weigh. The proposals to use vertical sails betray a 
complete misconception of the laws underlying the movements 
of balloons. If a balloon, filled with gas, floats in the air, all its 
parts will move with the breeze, and at the same speed. A sail 
would therefore hang just as limply as it would do in a complete 
calm. It would be diflferent if it were possible to give the balloon 
a smaller or greater velocity than the wind-, and in such a case 
a pressure would be exerted on the sail. The explorer Andree 
proposed to work on this idea in the simplest fashion. He 
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intoinkMl, willi the lielp of ihr Iriclion caiiscd by a numbor of 
•oiM^s (Iraf^i^'C'd aloiig iIh^ «^rouiid, lr> cause ihe balloon iogorather 
^lo\v( r llian thu wind. A sail was Ihtii to bü hung out, and 



DEVELOPMENT OP THE DIRIGIBLE BALLOON. 41 

placed in such a position that the foi'ce of the wind acting on it 
would drive the balloon in any desired direction. Tests have 
shown that with clever management it is possible to produce in 
this way a shght deviation from the direction of the wind. It is 
also known that surfaces slightly inclined to the horizontal will 
produce a slight movement of the balloon as it rises and falls. 
Stephen Montgolfier knew this and tried to utilise the idea in 
one of bis modeis. Since bis time many others have also 
worked on the same lines, but no practical success has been 
achieved. 

In the year 1883, Professor Wellner, of Brunn, published bis 
scheme for the construction of a sailing balloon. Seeing that 




Fig. 20.— Scott's fish ballcou. 

surfaces inclined to the horizontal have a slight lateral motion 
as they fall or rise, he thougbt that by alteriiately raisiug and 
lowering such surfaces he would be able to move in any desired 
direction, and to produce the necessary vertical movements by 
increasing or decreasing the internal beat of the balloon. His 
ealculations tended to show tbat a ** fisb-balloon/' 150 ft. long, 
and 50 ft. in diameter, having a vertical surface in front and a 
horizontal one behind, might reach a speed of 10 miles an hour. 
As a matter of fact, his tests in Brunn showed tbat a single rise 
and fall moved the balloon over a distance of 8 miles in a 
direction^ opposed to that of the wind. There is no doubt as to 
tlie correctness of the mechanical principles involved, and 
Lebaudy .has also worked on the same ideas, usinjjj several 
surfaces whose inclinations can be altered. 

Guyot built the first sailing balloon in 1784, and nuturally it 
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was nnsncceBsfal. The only notewortfay point aboat his deeign 
was ihat the body of the balloon was made of the ahape of an 
egg ; the longer axis was horisontal, and the flatter end was at 
the front. Gradaally it was recognised that any aystem whieh 
involved propulsion by oars was likely to he inadeqaate. Cam 
proposed to use paddle-wheels, which were to he xnoanted on a 
shaft, projecting over the sides of the car. This oertainly was a 
move in the right direction, bat even so the improvement was 
only slight. The effect produeed by the shape of the balloon oa 
the air-resistance was soon noticed, and they were conseqoently 
made rather longer than before. A start was made by the 
Academy of Dijon, who placed the matter in the hands of Gayton 
de Morveau. The front was to be wedge-shaped, so as to allow 
the air to pass lightly over it, while the steering was to be done 
by means of a vertical sail hoisted at the other end. This 
method of steering is still in use at the present day, and has 
been found to werk well. Still the constraction, which was 
proposed by the Academy, met with no success. It included a 
scheme for working with oars, in combination with a sail, which 
could be raised er lowered about a horizontal axis. Natarally 
it was found that forces of this order were mach too small. 
Countless proposals of this kind were made in rapid succession, 
biit all employed the same means of propalsion, and met with 
the same fate. 

The Monttjoljieres, made by the priests Miollan and Janinet, 
were ingenious novelties. The balloon was to be 92 ft. broad 
and 105 ft. high, and aceording to an idea dae to Joseph 
Montgoliier, it was to be driven forward as the resolt of the 
reaction produeed by the escai)e of the bot gases. An opening, 
14 in. in diameter, was thercfore made in the middle of the balloon, 
and throuj»h this hole the hot gases were to escape, a fire being 
maintained, as ußual, in the pan which was earried on the car. 
A further series of improvenients occupied some time, antil at 
last the exasperated inob, thinkiiig that the start was likely to 
be ijostpoiied iiKlefiiiitely, deslroyod the whole concem« 

The effect produeed by ihe escaiie of gases and fluids is well 
known, and Barker's mill, which is nowadays used for watering 
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grass lawns, is a familiär example of a reaction turbine. Tbe 
idea, as applied to the propulsion of balloons, is still a populär 
one ; perhaps the most ridiculous form in wbich it has been 
expressed is to be found in the proposal to carry small cannons 
on the balloon, in the hope that the recoil would expend itself 
in driving it forwards. 

General Meusnier introduced a great improvement by proposing 
the use of air-bags, to be carried inside the balloon. The air- 
bag plays even yet a considerable part in the working of eaptive 
and dirigible balloons. The first attempt that was made to test 
this idea on a practical scale nearly ended fatally. The brothers 
Kobert, whose names have been already mentioned, placed the 
air-bag close to the opening by which any excess of gas was 
allowed to escape. It so happened that as they rose they came 
into a violent eddy, which tore away tlieir oars and rudder, and 
broke the ropes which held the air-bag inside the balloon. An 
unfortunate result was that the opening became stopped up, and 
the gases, which expanded considerably on account of the ascent, 
were unable to escape. At a height of 16,000 ft. the Duke of 
Chartres, who was in the car, had the presence of mind to cut a 
hole in the balloon 10 ft. long with bis sword. It was on the 
point of burstiug, but now began to sink rapidly, and by throwing 
out a suflScient amount of ballast, they were able to reach the 
ground without injury. Although it seems obvious that the 
Duke's action saved the Situation, bis supposed lack of courage 
was the subject of much ridicule. 

It may be useful to describe more exactly the design which 
was due to Meusnier, more especially seeing that he may be 
regarded as being to a great extent the forerunner of the modern 
inventor. He had great scientific and technical knowledge, 
and went very carefully into the question, basing bis schemes 
throughout on the results of experimental work. In the first 
instance he studied questions relating to the resistance of the air, 
and the shapes which were likely to oflfer the least resistance. 
He found that an elliptical shape was the best, and in order still 
further to reduce the resistance, he proposed to use a boat-shaped 
car, pointing in the direction of motion. He was the first to 
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State that an absolutely rigid connection between the car and 
the l)(Hly of thc luilloon was an indispensable feature of a 
dirigil>le inachino. Even if the nioving parts were to be hoased 
l)eneath the main ImkIv, they would necessarilj be driven from 
the car, and a rigid nioans of connection \rould therefore be 
retiuired. He used three proi)eUers, which were supported mid- 
way hetween the car and the botly, and these were to \ye driven 
hy band hy means of piiUeys. Ile well iinderstood that the 
resiilt prodiiced hy one man would Ikj very small, and calciilated 
that a crew of eiglity would Ik? re<iuired. At that time no other 
form of niolive power was availalile. 

Ile also made can^ful investigations into the matter of gas 
pressure, and hy means of s[>eciaUy constructed modeis was able 
to determine the exact force exerted on the enveloi>e. His plan 
also include<l the use of horizcmtal surfaces to increase the 
stal)ility, and tliis certainly foresliadows Lehaudy's inventions. 
In addition, sj)ecial arrangements were made to prevent the car 
from sinkiiig, in case an accident should plunge the balloon into 
the sea. 

But Meusnier's ninst iniportant imju'ovement is the use of the 
air-bng. nud this must l)e more fuUy descrihed on accouut of its 
iiiij)ortjince. In his uri^'inal menioir he descrihed the object and 
(•(Instruction of a '' special Space, intended to enclose atmospheric 
air." The iniportance of ihis arrangement lies in the possibilitj 
of preserving ilie sliape of tlie dirigihle balloon. Everj' invent(»r 
desires to rii(hice llie resistance of tlie air to a minimum, and it is 
therefore necessary that the Ijalloon should retain a definite sbai)e. 
If the enveloi>e were rigid, the matter would he simple enough ; but 
we know that dianges of temi>erature and external pressure cause 
correspondiiig chüiiges in tlie volunK». An increase of internal 
pressure can he relieve«! hy an automatic valve, hut a contraction 
is at once noticed hy tlie crenses on the enveloi>e. Nodoubt any 
(lecrejise in vohnne can he niet hy pumping air into the balloon ; 
hut this natui-ally diluies the izas. hesides gradually creating a 
very ex])losive mixture. Tlie hest pliin would l^e to pass more 
gas hito the halloon ; lau owing to the weight of the cylinders 
used for storage, it is inii>ossihle to take com))re88ed gases on a 
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jjourney» ibough som© method of storing gas in aliqaid form iiiay 
[in the fiUiirG \m avaikble, The nm of air-bags is therefoue tbe 
onlj Solution ; wlien the volume of the envelope tends to increase, 
tbe air is pressed out of the receivers, and when it coutracts air 
in sucked in. These air-hags ean be mounted id tha halloon 
in three diffeient ways. Aecordinj^ to the lirsfc mtjthad, the 
I envelope is made with two coverings over a portion of its lenjirtb. 



\ 



Fjg, 21. — Ballüiiü, deäiyneü b_v tieuenil Mutisnier. 

The two coverings He tightlj one upon the other when the 
hulloon is fulL But with a view to avoiding any unneeesBary 
losB of gas, it iB better to fill the outer space with a eei'tain 
BQiount of air at the 8tart, so that the volmiie of euclosed air 
c0rreij|K>od8 to the increased bulk at the deaired height. The 
yalve will, tberefore, only be opeued when the balloon has risen 
to the proper le%*eU The most ordinary inethod coasists in 
simply putting air-bagö iüside the balloon* Their si^e depends 
on the height to whieh it is intended to rise^ seeing that this 
detarmines the amount tha balloon will expand. Such air>bag& 
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almost entirely into the hands of country showmen, who adver- 
tised excursions, and attracted attention in a variety of other 
wavs. It cannot be said tfaat there was an entire dearth of 
schemes relating to dirigible balloons, but at any rate nothing 
worthy of mention was published before the year 1852. The 
first half of the nineteenth Century can therefore be passed over 
in silence. 



CHAPTER VI. 



TIIK IIISTOUY OF TIIK DIRIGIBLE BALLOON FROM 1852 TO 1872. 

Tue (levelopinent of the dirigible balloon dates from the year 
1852, when GifTarJ appeared on the scene. He siibsequentlj 
invented the injector for steam boilers, and was already well 
known in the aeronautical world, faaving made ascents wi(b 
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1851 he succeeded in 
making a small steam 
engine of 5 h.p., which 
only weighed 100 Ibs., 
and thought it might be 
nsefnl in connection 
with balloon work. With 
the help of two of his 
friends, he built an air- 
ship, which was some- 
what of the shape of a 
cigar with pointed ends. 
It was 144 ft. long, 
40 ft. in diameter at the 
thickest part, and its 
capacity was 88,000 
cubiefeet. Theenvelope 
was covered with a net, 
aiul a hcavv pole, ()(> ft. long, was carried below, being snspended 
in a horizontal posilion i)y means of ropes which conneotod itto 
tliü net. At the eiul of ihis keel, as Giffard calied it, the rudder 
WU8 placed, wliieh look the form of a triangulär sail. The car 
was carried bel«)w the pole at a distance of 20 ft., and contained 
the niotor and ])ro})ellers. The 3 h.p. motor together with its 
hoiler weighed X^^) ll)s., and drove a three-bladed propeller, 11 ft. 
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in diameter, at the rate of 110 revolutions per minute. The total 
weight of the balloon, together with that of one passenger, 
amounted to IJ ton, and it was reckoned that, when fiUed with 
gas, it could carry J ton of coal and water. In the light of 
suhsequent experience it is evident that the weight of the steam 
angine was too great, having regard to the eflfect which it was 
able to produce. Giflfard himself saw this, but calculated that 
he would be able to attain a speed of 6 or 8 ft. a second. On one 
occasion this result was actually produced. 

We must now examine the question of speed, and ascertain its 
value under ordinary working conditions. In other words, we 
must find out what speed it is reasonable to expect f rom a balloon 
that is to be used on and oflf the whole year round. Meteorological 
observations show that in Europe a balloon can move with a speed 
of 40 ft. per second on about 82 per cent. of the days in the year, 
and with a speed of 45 ft. on 90 per cent. This must of course 
be capable of being maintained for several hours. If the balloon 
has a speed due to its own internal energy of 40 ft. a second 
then it would be able to move at the rate of 3 ft. per second 
against a wind blowing at 37 ft. per second. It would thus have 
a resultant speed of two miles an hour, which seems no great 
achievement. But then it must be remembered that in stormy 
weather a sailing ship would remain in the harbour, and is only 
able to make headway against the wind by tacking. Moreover, 
the course of a balloon would not always be steadily in a direction 
opposed to that of the wind. Complaints are often made that a 
balloon caught in a storm is sometimes completely destroyed. 
But an aeronaut must be something of a meteorologist, and he 
ought to be able to form an opinion as to whether he is likely to 
encounter any serious storm. Naturally balloons are no more 
likely to escape the eflfects of rough weather than sailing ships. 

After this short digression we can now return to the further 
consideration of Giffard's arrangements. He had a special con- 
trivance to prevent the possibility of any explosion resulting from 
the escaping gases of the balloon. He placed a piece of wire ganze, 
similar to that used in safety lanterns, in front of the stokehole, 
and the gases from the boiler were taken to one corner of the car 
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and dificharged l)elow. These precautions were very important, 
and it was only due to ignorance of these matters that Wölfert 
and Severo lost their lives in lat^r years. In 1855 Giffard pro- 
duced a second balloon, which he had made narrower and longer 
with a view of diminisliing the air-resistance, It was 33 ft in 
diameter at the middle, and 280 fk. long, having a capacity of 
113,000 cubic feet. He stiflfened the upper part of the envelope 
with a special covering, to which the net was secured. The car 
was suspended by roi^es, which were attached to its four comers. 
He used the same engine as before, but the chimney was simply 
taken to the side of the car and bent over at right angles, 
explosions being avoided by placing the car rather lower. Iii 
Company with a manufacturer, named Yon. he made a trial trip and 

succeeded in moving 

slowly against the wind. 

"When the descent began, 

owing to some accident 

the horizontal axis tilted 

up, the weight of the car 

broke the net from its 

Fk;. 23.— (lifTanrsMccm.i liniioon, ma«ie moorings, and the bal- 

"^ ^^'*''- loon was completely 

dentroyed, the occupunts escaping with slight injuries. No air- 

ba^'H were used, and this accounted for the accident. 

(liffard now planned a third balloon, which was to be 1,970 ft 
long, and 98 ft. in diameter at the middle. Its capacity was to 
be 7,800,000 cubic feet ; the motor was to weigh 30 tons, and the 
Hp(>ed to be <>(> ft. per second. The immense oost of this scheme 
])revented it froni being carried into execution, and Giffiard then 
devoted hin attention to the designof small engines. His subse- 
quent inveution of the injector put him once more in a position to 
renew bis work. In 18()8 he made a captive balloon for the exhi- 
bition in London ; its cai)acity was 424,000 cubic feet, and its cost 
nearly i:30,(K)0. A siniilar one was made in Paris in 1878, having 
a capacity of 883,(M)0 cubic feet. In addition to all this, a dirigible 
balloon was dcHignud, holding 1,750,000 cubic feet, which was to be 
fitted with two boilers, and to cost .i'40,000. This schieme was 
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oroughly worked out in every detail, but was never carried into 
ecution. Giffard subsequently became blind, and died in 1882. 
Nothing further was done tili the siege of Paris. The French 
jvernment then commissioned Dupuy de Lome to build a diri- 
ble balloon, which, however, was only tested after the war in 
i72. It is curious to find that this man, who was a marine 
igineer and therefore professionally acquainted with problems 

this kind, proposed to employ a crew of eight men in driving 
e propeller. His method of construction was ingenious, and 
\ succeeded in reaching a speed of 9 ft. a second, which was 
»out the same as Giffard had done. His balloon had a cigar- 
laped body ; its length was 118 ft., 
i greatest diameter was 49 ft., and 
j capacity 122,000 cubic feet. The 
rm which was given to the net 
18 peculiar, and intended to prevent 
ly displacement of the car, relatively 

the body of the balloon, which 
ight otherwise be caused by the 
Drking of the propellers. For this 
irpose some of the ropes were crossed ^^^* ^^{77^"^ "f 372 ^™^ ^ 

the Space between the car and the 

niy, whereas the others were taken direct to the sides of the 
r, which was built in the shape of a boat. It carried 14 men, 
lio worked the propeller, and also attended to the pumps used 

connection with the air-bags. It is hardly necessary to give 
ly further description of this scheme, seeing that it constitutes 
)thing of the nature of an advance on its predecessors. 

In the meantime, Paul Haenlein (who died in 1895) constructed 
1 airship in Germany. Its shape was that of a solid formed by 
16 revolution of a ship's keel abont an axis lying on the deck, 
sirefnl hydrostatic experiments led him to the choice of this 
irious shape, which in the middle is more or less cylindrical, 
id at the ends somewhat conical. Its length was 164 ft., the 
'eatest diameter 80 ft., and the capacity 85,000 cubic feet. The 
•r was placed close to the body, in order that the parts might 
) as rigidly connected as possible. For the first time in the 
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history of aeronautics it was proposed to use a gas engine, whicli 
was of tlie Lenoir tyi)e, and had four horizontal cylinders, giriiig 
(> li.-p., witli an lioiirly consuniption of 250 cubic feet of gas. The 
f;us for the engine was taken from the balloou itself, and tue 
loss was to be niade good by blowing out the air-bags. The car 
wjis niade of beams running lengthwise, and was siipiwrted 
tiin^'entially hy ropos from the network. The envelope was 
niade airtight by a thick coating of rubber on the inside, backed 
\i\ a thinner one on the outside. Being filled with coal gasit 
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could not aset-nd lo «zn-iU heijjfhts, and the trials were therefore 
imdertakun at a sliort distaiict* from the ground, the balloOD 
Iniii^' kept in Um captivu stati? by ropes loosely held by soldiers. 
Ji atlainud a spcud of IT) ft. [ujr tsccond, and this is an improve- 
ment of ft. jur .sj-cond on tlie atteuiijls of Dupuy de Lome. 
Lji.rk of fiinds privt'iitrd any funher attenipts from being made, 
and thoii^li tlio ])ruj<.'ct promised well and had some notable 
iinprovciuents, it was unal»]i' tu 2>iooeed further. If Haenlein^s 
rt'Milts are coinparod with tliosu oi Li baiidy, who has reached a 
spi'ucl üf 10 ft. [)vY HCicond, wt' Clin liardly doubt he would have 
acliievt-d moru if he had lilled bis balloon with hydrogen, and if 
li^dit niotors, of the type now in iise, hail then been available. 
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BIBIGIBLE BALLOONS FROH 1883 TO 1897- 

Ten years later the brotbera Gafiton and Albert Tissandier 

produced a remarkable aimhip, During the Franco-Pruasiaii war, 

Gasten Tiösandiertüadetnany imBiiccessfalattemptB to enter Paris 

by means of a balloon wbile h was in a state of siege. A model was 

ahowu during the Exhibition of 1881, and they were encouraged to 

proceed on a larger male. The body was shaped, after Giffard s 

tuodel, Bomewbat like a 

cigar* It was 92 ft. long, 

SO ft« in diameter at the 

middle, and had a capaeity 

of ^IßW cubic feet It 

was tiaade of varnished 

eambric. The car was in 

the form of a cage, con- 

structed of bamboo rods, 

aiid contained a Sieineus 

dyuamo, fcogether with 

24 bichromate cells, eaüh 

weigbing 17 Ibs, Ät füll 

Bpeed tlie dynamo made 

180 revolutioDs per 

minnt« and the pull was 

26 Ibs. Wbau the testa 

were undertaken it was 

found that a speed of 9 or 10 ft, per second was attained, 

whea the motor gave 1| h*-p, It cost £2,000, but there was 

nothing remarkable about the construetion. 
B Ho little suceeüiä bad attended the constriietion of dirigihle 
■ balloons that it was graduaOy being regarded as likely to be 
Kin^sible. Great aitouishment was therefore caused in 1884 
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by the announcenient that two French oflScers, named Benard 
and Krel)8, liad deseribed a figure of 8 in a kalloon, and bad 
returned to the point from which thej' had started. Charlei 
Benard had been studying the problem since 1878 wiib the 
assistance of one of hin friends, named La Haye, and had 
hoped with the help of CJolonel Laussedat, who commanded 
the Engineers, to obtain the necessarj' funds from the 
Minister of War. It was then pointed out that large soms of 
money had been wasted on similar projects in 1870, and their 
reqiiest was consequently refused. They therefore had recoorse 
to Gambetta, who was miich interested, and promised a sam of 
.i'8,000. In the nieantime, La Haye had been succeeded by 
Captain Krebs, and with the help of the latter Renard proceeded 

with the work. The air- 
sliip was of the shape 
of a torpedo, and was 
slightly largerüi diameter 
at the front than at the 
back. Itwas 165 ft. long, 
and rather more than 27 
ft. in diameter at the 
biggest part, and had a 
eapacity of 66,000 feet. 
The car which was con- 
structed of baniboo rods, was 108 ft. long, 6 ft. high, and 4J ft. 
broiid, being covered on the outside with silk. An electric 
niotor, ciipable of givin^' S'ö h.-p., was driven by an accumu- 
lator, and connected to a propeller, which was carried at the 
front, and niade of wooden beams 23 ft. long. In order to 
prevent any injury to the propeller blades when a desceut was 
niade it was possible to sliglitly raise the axis on which they 
wero mounted. Moreover, Renard intended to obviate any 
serious sbocks on coniin^j: to earth by usin^ a guido rope. The 
way in which such a roju» is used beconies evident if the ar ränge- 
nients niade for a descent are considered. Suppose a balloon to 
be falli]l;^^ It will gradually reacb a considerable velocity, unless 
nieasures are taken to prevent it, and a violent shock.would 
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result from contact with the ground. It is, however, diflScult to 
check this velocity by throwing out ballast, because the thrawing 
out of too little ballast might not be sufficient to •prevent a 
dangerous shock, and if too much w*ere thrown out the balloon 
might begin to ascend. Tbe followmg plan is therefore adopted. 
A heavy guide rope, from 200 to 800 ft. long, is gradually paid 
out shortly before the car reacbes the ground. This corresponds 
to so much ballast, and the shock is consequently very much 
reduced. If for any reason the balloon begins to ascend again, 
it drags with it some of the rope, and this increase of load tends 
to bring it down again. Automatic reactions of this kind play 
an important part in bringing a balloon to the ground, or in 
travelling at a low level. The friction of the rope against the 
ground is also useful in checking the speed, and allows an anchor 
more time to fasten itself. Benard also carried a so-called 
** sliding-weight,*' and this could be moved into any suitable 
Position so as to counteract any shifting of the centre of gravity 
that might be caused by movements of the passengers. The 
total weight, together with ballast, was 2 tons. At the back 
batween the car and the body of the balloon a rudder was 
mounted, which was rectangular in appearance, and trapezoidal 
in cross-section ; any distortion of its shape was therefore 
impossible. It was moved about a vertical axis by means of ropes, 
which were secured to beams projecting over the sides of the car. 
The inventors waited nearly two months in perfectly calm 
weather, but at last, at 4 o'clock in the afternoon of August 9th, 
Benard and Krebs mounted the balloon, which they called " La 
France," and made an ascent. As soon as they had risen above 
the level of the trees in the neighbourhood of Chalais, they set 
the Propellers in motion. Immediately they noticed that the 
speed was increasing, and as a further encouraging symptom it 
was Seen that small changes of direction could be eflfected by 
means of the rudder. The journey was therefore continued from 
north to south tili they crossed the road from Choisy to Versailles, 
after which they tumed to the west. It had not been intended 
to sali directly against the wind, which however only amounted 
to a gentle breeze. But their confidence increased, and at a 
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distaiice of 2J mileH from Chalais tbey tumed round, completing 
the beiid in the Kmall angle of 11 degrees at a radius of about 
160 yardH. After a slight deviation to the right-hand side, vhich 
was soon corrected by the rudder, the balloon reached a spot 
1,000 ft. alK)ve the starting ix)int. The valve was slightly opened, 
and tlie l)aIloon was then mana'uvred by means of the motor 
into the most convenient 8i)ot for the descent, which was abont 
80 yards al)ove the parade ground. The guide roi)e was caught 
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by Üw. soldiers, and ihi? balloon was safely landed, after baving 
covered nitbcr less tban 5 niik-s in 28 minutes. 

A sc'coiid cxpediüon was less succ(»ssful. The wind was rather 
stronj:,'er, and drove the balloon 'oefore it. Tbe arrangements 
connected witli the niolor were injured, and a descent had to be 
niade at a distaiuf of i\ niiles froni tbe starting point. The 
balloon was then carried back to Cbalais. On the tbird oecasion 
tbe course was direeted N.N.E. a^'ainst the wind towards 
Billancüurt. Jn order lo deterniine tbe velocity of the wind, 
lleiiard slopj-ed llie inoior and let tbe balloon drift. He then 
fouiid tbat the wind was blowin^,' at tlie rate of 5 miles an hour, 
/.('., 7 ft. })(•!• secoiid, wbiie ibe vrlocity due to the motor was 
1-Ji niiles an bour, or 7 yards per second. Tbe balloon was then 
brou;^bt to land al tbr starting ])oint. Out of seven attempts it 



DIBIGIBLE BALLOONÖ PEOM 1883 TO 1897, 57 



was posaible to bring the ballooii back to the starting poyit on 
five occasioDs, Ät the fifth attenipt the wind was lilowing with 
a velocity of 21 ft- per second, and it was consequeiitly 
impossible to sail in the opposite direction. The sixth and 
aeventh journeys were made to the city of Paris. It was tbere«' 
fore dearly demonstrated to all unlielievers that the dirigible 
lmllo<.>n was now withiii the ränge of practica! iJosKilnlitieSi In 
spile of its sueeesses, the French have not adopted this type. 
partly because its speed was insufficienti and partly becanse it 
conld only undertake a short 
jom*ney, Renard made fiirther 
afctcmpts to eonatruct one on a 
bigger scale, hiit tljey were 
utisiiccesafuL 

In 1879 Baumgarten and 
Wolfert huUt a halloon in Ger- 
many that was ütted with a 
Daimler beiiscinö niotor, und the 
first ascent w^as njade with it at 
Leipsic in 1B80. It had a pro- 
l>eUer for raising it in tlie air, 
and was fitted at the aidea with 
things of tbe natura of wings, 
wbieh were Jor the purpose of 
producing bori^ontal motion. 



Vui. TJ. — Cuplrtiii Hcuanl. 



Baiimgarten ahnost came to grief during the first trlah Tlie 
airsbip had Ihree cars, and the result of carry in «^ a passenger 
in one of the outer cars was that tbe load was unevenly 
distributed. In consequence the whole thin^^ tilted over with 
the longer axis in a vertical position, aud came with a erash 
to the ground. Tbe oecupants luckily e^caped witbout injury. 
Baumgarteu suhsequently died, and Wolfert proceaded with 
the work alone. Succeasfnl experiments were said to have 
heen made, and finallyit was arranged to make an ascont on ihe 
Temi>elbüfer Feki, near Berlin, on June 12th, 1897. The 
balloon rose to a haight of 600 feet aud travelled with the wind. 
Snddeoly a flame was seen to dart from the motor towarda the 
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niaiii luuly of the balloon, a slight report was heard. andtlie 
wliole iliiii^' feil tc) the j^round, where it was entirely destroved 
l)y th({ llaines lieforo it was possible to rescue Wolfert and bis 
coiDpanion. 'l'Iie disasler was eaused by the fact that no suitable 
prenuitiDiis wen» taken in connection with the benziiie vapour, 
which f<»ni)tMl an explosive niixture with the air, and was 
ac'i'itleiilally firtMl. Ono woiihl have thoußht an accident of tbis 
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kiiiil w.i.- -iin'u'it'iit tu piit iiivtMilors on tlieir guard, and it is 
tlii.'refnn' .-iiMii-»' In t'ni.l iluil Scvero's deatli was eaused a few 
vejirs hürv l.y [urcir^rly tlir sanie (bferl in bis arrangements. 

All Aiisiriaii rn^inrer. iiuniud Scliwsirz, nuide a balloon with a 
ri.^id fiiM-lnpr. l.in tlic MMi-ut. ou ilir 'rt-nipelliofer Feld in 1897 
was im.-iucts^lnl. M.ii»y ]\Inn;^'.' and I>iipiiis Delcourt liad 
alrta'ly |ii"poM'.l in ]s:\\ .tii.l Is-ll !n (M.nstruel the body of nietal 
and tlii> \Na.- artiially «luiic Üiit llieir elTorta failed in conse- 
quenct- <'f liiu iii>iitVu-it nl ri.u'i^iity nf tlieir -.Uv^i^'n and the leaks 




which occurred at the joints* Bchwarz's balloon was conatructeil 
of aluminium^ O-OOS in. thick, which was ßupported on a stiff 
iattice-wort, matle of tubes of the same metal. The shape was 
peculiar, l>ut it was probably owing to cUfBcuUiea of construction 
that it was impossible to use the form, w^hieh had been abeady 
found, a» the resiilt of maiiy experiments, to offer the leasfc 
resistaiiee to the air. The aseent was ander fcaken by a soldier 
out of the Balloon Corps, and he was driven in the direction of the 
wind, The belts driving the propeUers carae off their pulleys, 
one after anuther, and in coußequence of ßerious leaka the 




baltoon came to the ground in a sbort time at a distance of 4 
Qules from the starting point. Great injury was doiie by the 
shock oa coming to eartb, but the aoldier escaped by jumping 
from the car before it reached the ground* Soon after wards it 
was completelj desiroyed by the wind. 

The way in whicb rigid bodiea of tbis type are filled with gas 
miist be here described, It m not possible to pass the gas 
directly into the balloon, as tbis would meiely cause a mixture 
of air and gas, SchwarÄ^s balloon waa 156 ft, long, and con- 
tained 130,000 cubic feet* It was filled by Captain von Sigsfeld, 
wbo paesed a number of baga into the lialloon, and inflated 
tfaem with gas. Älter it was filled the bags were pnlled to 
pieeae and torn out again. Änother method consists in placing 



CHAPTEß VIII. 

DIRIOIBLE BALLOONS FROM 1898 TO 1906. 

CouNT VON Zeppelin, who had distinguished himself over a well- 
known incident of the Franco-Prussian war, devoted his attention, 
after retiring from the army, to the construction of a dirigible 
balloon, a plan which he had long entertained. He formed a 
limited liability Company for the purpose of raising the necessary 
money, and started on the work in 1898. His balloon was the 
longest and biggest which had been made. It had a strong 
framework of aluminium, which was covered with linen and silk, 
treated with pegamoid. Special compartments were built inside 
for holding linen bags, which contained nearly 400,000 cubic feet 
of hydrogen. From end to end it measured 420 ft., and its 
diameter was 38 ft. There were two cars, in each of which was 
a motor, giving 16 horse-power. These motors were altogether 
independent of one another, and worked propellers which were 
rigidly connected to the body of the balloon. Vertical and hori- 
zontal screws were used for movements in the corresponding 
directions. A " sliding weight '* was used, if required, to raise or 
lower the front of the balloon and was moved by means of a 
wmch along a steel support, on which it wa^ carried. In this 
way it was possible to rise or fall over certain distances without 
loss of ballast or using the valves. Little was known about the 
probable results of the shock that would be experienced on coming 
to the ground in a rigid machine of this type. Schwarzes experi- 
ment was the only one which threw any light on the matter, and 
it was therefore considered safer to conduct the trials above the 
waters of the Bodensee. The construction of the outer envelope 
was a matter of great importance. It provided a smooth surface, 
and also protected the gas-bags from injury of any kind. More- 
over a thin film of air came between the gas-bags and the outer 
covering, and served to protect them from undesirable variations 
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of temperature. This is a matter of great importance, l>ecause 
the iiidirect effect of radialioii woiild otherwise l>e to cause a rise 
Ol- fall. 

Tlie first asceut was maile in July, 1900, and it cannot be sai»l 
that it was favoiired by any nnusiial luck. The winch, which 
worked the sliding weij^ht, was broken, and the whole balloon, 
together with the framework whieh connected the two cars, was 
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SO beut that the propellrrs could not l)e properly worked. Con- 
secjuentlv füll sixH'd coul<l not bo reached, the maximiim that 
was actually attained bring l:^ ft. per second, and it was also 
impossible lo steer, as llio ro[M's tlial were used for this purpose 
becanie entanßled. These misliai)s, which coiild not be rectified 
in mid-air, niade it neeessary to descend lo the lake, where 
everything hai)pened as had been expected, and the only injiiry 
that was sustained was caused by running on a pile. The 
damage was repaired at the end of Septeml>er, and ou 
October 21st a further attempt was niade ou ihe original lines, 
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and a speed of 30 ft. per second was reached. It was poiiited 
out that a higher speed than this could probably be reached, but 
owing to the eontinual turns, it was impossible to get up füll 
speed in any direction. Dr. Hergesell, the director of the 
Meteorological Institute in Alsace and Lorraine, undertook all 
the measurements. He determined trigonometrically the exaet 
positions of three points, and from them continuous observations 
of the balloon were made. The speed of the wind was reeorded 
on an instrument that was placed in a pilot balloon, and the 
figures so obtained may be eonfidently regarded as correct. 
The speed of the balloon was therefore greater than that of any 
of its predeeessors, and exeeeded that 
of Renard and Krebs by about 10 
ft. per second. 

At the end of another five years 
Count von Zeppelin had coUected 
enough money to build a second 
airship. In the light of the experi- 
enee that had been gained in 1900, 
the new model of 1905 was improved 
in all its details. The most im- 
portant alteration was made by 

., . ,, , Fig. 3H. — Cuunt Zeppelin. 

increasing the power of the motor 

without adding to its weight. Each car carried a niotor, weigh- 
ing 8 cwt., and giving 85 horse-power. The body was about 
6 ft. shorter than before, while the diameter was slightly 
increased, the length being 85 ft., and the diameter 38 ft. It 
had 16 gas-bags, which held 367,000 cubic feet of hydrogen, the 
capaeity being about 32,000 cubic feet less than before. The 
total weight was 9 tons, which was a decrease of 1 ton. The 
four Propellers were also somewhat larger. In front and behind 
were placed three vertical surfaces, constructed of linen, and 
intended to produce motion in horizontal direetions ; between 
them and the cars horizontal surfaces were arranged, one above 
another, after the fashion of an aeroplane, in order to induce 
falling or rising movements. The steering was done by the 
occupant of the front car. 
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The firBt ascent took place over the Bodensee on November 
SOth, 1905. It had l>een intended to tow the raft, to which it 
was anchored, further from the shore against the wind. Bat the 
water was too low to allow the use of the raft. The balloon was 
therefore mounted on pontoons, pulled out into the lake, and 
taken in tow by a motor boat. It was caught by a strong wind 
which was blowing from the shore, and driven ahead at sach a 
rate that it overtook the motor boat. The tow-rope was there- 
fore at once cut, but it unexpectedly formed into knots and 
became entangled with the airship, puUing the front end down 
into the water. The balloon was then caught by the wind and 
lifted into the air, when the propellers were set in motion. The 
front end was at this instant pointing in a downward direction, 
and consequently it shot into the water, where it was found 
necessary to open the valves. Certain slight damage was sus- 
tained, and a delay of six weeks took place. 

The next attempt was made on January 17th, 1906, when it 
was found that the lifting force was too great, and it rose at once 
to a height of 1,500 ft. When the propellers had been started at 
a lower level, it was found possible to move against the wind. 
But at a greater height a strong breeze was found to be blowing 
from the S.W., and the balloon was turned to face the wind. In 
consequence of lack of experience, it was found difficult to hit the 
mark, because tlie steering arrangements produced too strong a 
turning motion. In the meantime the balloon had reached the 
shore, and was carried with the wind, the motors having been 
stopped for various reasons. The descent was made without 
serious damage, although the anchor failed to hold in the frosty 
ground. A slight superficial rent was caused by rubbing against 
a tree. But during the night the wind did so mach damage that 
Count Zeppelin was obliged to order it to be broken ap. It is 
very difficult to form any decided opinion as to the merits of this 
design. At any rate it is certain that if the motors coald prodace 
a speed of 80 ft. per second, when working at 36 horse-power, 
the velocity would have been much greater if the füll 170 horse- 
power could have been exerted. The latest news is to the effect 
that Count von Zeppelin ha^: made a further attempt with a new 
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balloon, and that this has been successful. Its stability is said 
to be very great, and it can be easily steered. According to 
Hergesell, a speed of nearly 50 ft. per second has been reached, 
which is far better than any previous record. 

About the same time, a young Brazilian, named Santos 
Dumont, appeared in Paris, and proceeded to astonish the world 
with his feats, which soon made him the most populär hero in 
the ballooning world. He had great wealth, as well as courage 
and perseverance, and constructed altogether fourteen balloons, 
making ascents in all of them with greater or less success. He 
knew nothing about the work of his predecessors when he set 
himself, without any experience, to the task of constructing bis 
first balloon. 



List of Santos Dümont*s Airships. 
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Perhaps he can hardly be said to have bidden bis ligbt ander 
a bushel, and tecbnically considered, bis results constitnte no 
great advance on account of tbe small speeds he reacbed. Bnt, 
on tbe other band, he succeeded, as no one eise has done, in 
arousing enthusiasm for tbe sport of ballooning, especially in 
England and France. Zeppelin's balloon represented tbe rigid 
type of construction, whereas Santos Dumont favoured a flabby 
enveloi)e with a sligbt amount of stififening, and used an air-bag 
to keep tbe thing in shape. Tbe measurements are also alte- 
gether different from those adopted by Zeppelin, though he 
gradually adopted larger sizes. Tbis resulted from the fact that 

be was obliged to use larger motors, 
as be found tbat the speed was 
insuffieient. Heavier motors meant an 
increase of weight, and this could odIt 
be met by increasing the dimensions 
generally. 

It is extremely interesting to foUow 
Santos Dumont on bis expeditions. He 
succeeded in learning something on 
every occasion, and instantly proceeded 
to build a new balloon without gimg 
a tliought to tbe possibility of adapting 
the old one. He made very few ex- 
peditions in liis first balloons, l)ecause he saw almost at once 
that they were unsuitable and that radical alterations were 
needed in the design. He went througb all manner of accidents 
on bis trial runs, but be also showed on many occasions 
that he well understood the art of guiding bis ship tbrough 
the air. He landtnl in trees, in the water, on tbe roofs of bouses 
in rapid Kuccession ; still bis presence of mind always found 
a way of escapc. His lirst attempt started very unluckily: 
the airship was at onc-c daslied aj^ainst the trees and tom to 
pieces. He said himsclf that the choice of an unsuitable starting- 
point was the cause of this accident. He made bis ascent in a 
place that was suri'ounded by high trees. Tbe force of tbe wind, 
which acted in tlie same direetion as that produced by biß 




Fig. 34.- Siiutos Dunndit. 
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Propellers, drove him against the trees before he had time to rise 
above thein. He then took the precaution of starting always 
with the front of the balloon towards the wmd. The damage 
was repaired in two days, and after performing some evolutions 
at a low level, he gained such confidence that he sailed from 
Paris to Longchamps at a height of 1,800 ft. At first all went 
well. As Boon as the balloon feil, the gas contracted and the 
air-bag was seen to be too small. The balloon was no longer 
projierly inflated, and it proceeded to fold up in the middle, like 
a iDOcket knife. It then plunged downwards towards the ground. 
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Fio. 35. — Santos Dumont's sccond balloon brcaks its back, 
Maj llth, 1899. 

but Santos Dumont did not lose his presence of mind. He 
shouted to some small boys who were playing in a field, and told 
them to catch his guide-rope, and run with it as fast as possible 
against the wind. They did as they were told, and the air- 
resistance was so great that the balloon came gently to the ground 
without causing any injury to the driver. 

A new balloon was ready in the spring of 1899. The air-bag 
was now to be fiUed by a small rotating fan, whereas in the earlier 
model a pneumatic pump, similar to those in use on motor cars, 
had been employed. The whole thing snapped again in the 
middle, because the air-bag could not be tilled quickly enough to 
counteract the decrease of volume caused by the cold. It feil at 
once at a great rate, and the shock was luckily somewhat broken 

F 2 
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by rebounding from the trees in the Jardin d'Acclimatatiou. He 
proceeded to build a new machine, which was of a different shape, 
and intended to be filled with coal gas, as this had the advantage 
over hydrogen of allowing an ascent to be made ahnest at any 
si>ot. He thought to prevent the long body of his balloon from 
collapsing by stiffening it with a bamboo rod, which was placed 
between the car and the body, and acted as a connecting Unk 
between the two. Tlie tirst ascent was made on November 18th, 
1899, and was very successful. The start took place at the 
Champ de Mars, and the balloon made several circuits of the 

EiffelTowerbefore 
descending. Itwas 
not easy to make 
a descent at the 
same spot in the 
middle of the town 
on account of the 
chimneys, and he 
therefore came 
down in an open 
field on the very 
place where the 
first accident had 
occurred. Inorder 
to have a inore convenient spot for starting and landing, Santos 
Diimont built a shed in the grounds of the Aero Club, which was 
connected to the ^as mains and was provided with an apparatas 
for genorating hydrogen. 

After he had made a few further trial runs with No. 3, he 
proceeded to build No. 4, wiiich was shown in September, 1900, 
to the International Commission, then sitting in Paris for the 
investigation of scientific ballooning. The car of the new design 
had the merit of simplicity. The driver sat on an ordinary 
riding saddle, and liis feet controlled tlie pedals connected to the 
motor. A tiller made connection with the rudder. The motor 
^vas joined rather less rigidly than before to the body of the 
balloon, and an important alteration consisted in placing the 




intos l)inijont's iluid ball(X)n. 
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propelkr at the front msteatl of the back. With No. 4, he made 

eeveral satisfactory asceots from the gronuds of the Aero Club 

at Saiut-Cloud< He is stated to have aseerted that the Com- 

misBtoTi were ßatitjtied tbat ihis balloon could make headway 

aguiust a »trong wind« büt on the da; of inspeation the breeze 

eould only be called moderate, alfehough it may be admittecKtbat 

the Standards by which the wind is judged are by no means well 

defined, and allow for differences of opinion, according to tlie 

poiDtofview, Btill 

he made no eiaet 

measurements of 

the force of the 

wind, and con- 

tented himself mth 

estimates. Conse- 

q iien tly bis s tate- 

meots under thiB 

head must be 

received with 

caiition. On the 

othar Imnd, it is 

Otily fair to allow 

that the instru- 

ments at present 

in Ilse for the 

maasnrement of 

the wind rtre not altogether satiöfactory. Perhaps the best of 

them iß the one made by Graden witz, It dependß on the gyro- 

static principle involved in the construcÜon of instrumente for 

determining tbe velocities of fluids. I( a glass cy linder is fiUed 

with fluidj and rotated about a vertical axis, tbe iipper surfac^e of 

tbe fluid a SS um es the shape of a paraboloidof revolutiou, and tbe 

depression depends, as far as ita magnitude is concerned, on the 

Speed of rotation. If Bueb an Instrument is caiibrated experi- 

mentally it is poasible to determiue the speed of rotation by noting 

the exten t of the deprei^sion, ahvays assuniing that the vohime of 

the fluid remaiiis'unchanged* Oradenwitz's Instrument consists 
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joumey on the foUowing day. But the motor did not work 
satisfactorily, and the balloon feil on a chestnut-tree in Both- 
schild's garden. The attempt was repeated on August 8th, and 
again it met with a suddeu end. A serious accident was indeed 
only just avoided. The balloon broke up, and the framework feil 
on the roof of a house near the Trocadero, and then plunged 
downwards into the courtyard. Firemen rescued the aeronaut 
from his dangerous position by lowering ropes from the roof, but 
the balloon itself was torn to shreds. Nothing daunted, his 
activity knew no bounds, and he set to work the same day on the 
plans for a new balloon. After much hard work it was ready in 
twenty-two days, and the ascent was made. In this model very 
special attention was paid to the valves, seeing that the last 
accident had been due to leaks. The rigidity of the design was 
increased. The air-bag was filled by a small fan, any excess 
being removed through a valve which opened automatically 
at a certain pressure. After some unsuecessful eflforts, Santos 
Dumont suceeeded with No. 6 in circling the Eiflfel Tower and 
winning the Deutseh prize. He returned to the starting-point 
in 29 minutes 80 seconds, but the landing oceupied another 
minute. Nevertheless the prize was awarded to him by 13 votes 
to 9, in spite of the fact that, strictly speaking, the preeise condi- 
tions had not been fulfilled. He reached a speed of 22 ft. per 
secondy which was very little better than the result obtained by 
Eenard and Krebs in 1885. The prize was divided into two parts : 
;£8,000 was given by the winner for distribution among the poor 
of Paris, and the remaining £1,000 was distributed among his 
assistants. The Brazilian Government sent him a gold medal, 
together with the sum of £5,000, which was allocated towards 
the expense of new balloons. 

During the ensuing winter he continued his experiments at 
Monaco, where a large shed for housing his balloon was built for 
him by the Prince on the seashore. After some successful 
ascents over the Mediterranean in good weather, the balloon 
tilted over on February 14th, 1902, because the air-bags were 
not filled quickly enough to make up the loss in volume. It feil 
into the sea, and the aeronaut was safely brought to land. The 
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ballooD itself was not recovered tili later on, and it was then 
found to have sustained sacb damage that it was sent to Paris 
for repairs. 

The later types were divided inside by partitions, whieh 
formed a series of Chambers ; diffusion of the gas was therefore 
still possible, but any sudden msh of gas to the one end or the 
other was prevented. Mention sboold be made of No. 13, which 
was a kind of liozihr. The envelope was egg-shaped, and below 
there was a i)ear-8bai)ed appendage, which had a large tubnlar 
opening, stretching down to the car. It was expected that by the 
use of a special form of petroleum burner it would be possible to 




Vm. 3s.— lloze's double bnlloon. 

rise or fall ; but it failed altogether to come up to expectation. 
Aecording to the laws of diffusion, which have been already 
explaiiied, the gas from the main body would penetrate into the 
auxiliary leceiver, and in this way an explosive mixture would be 
formed. 

The tests with the last types led to no fresh results; the speed 
was ahvays too small, and for military purposes they would have 
been useless. No. was the most populär of the series. Santos 
Pumont went in this balloon to the racecourse at Longchamps, 
canie down to the ground to wateh the races, and then mounted 
again and went liome. On another occasion he came down on 
the pjiveiuent in front of bis own house, had breakfast, and then 
continued his journey. AVlien the French troops were being 
reviewed by Monsieur Loubet, the President of the Eepublic, the 
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balloon appeared opposite the grand stand and fired off a salute. 
He performed many other feats of a similar character, and 
thougb they may appaar somewhat undignified, he succeeded in 
creating a widespread interest in the sport. 

It will be interesting to notice the results of his experiments 
with different kinds of motors. He started by using the ordinary 
motor, carried by tricycles, and mounted two of these, opposite 
to one another, so that they worked on one crank, and could be 
fed by one carburretor. He called this a " motor-tandem/* and 
found that an arrangement of this kind worked well, when driven 
along the streets. He then wished to know the amount of Vibra- 
tion which its working would be likely to cause, and the motor 
was therefore hung from the branch of a tree in the Bois de 
Boulogne. It was then seen that there was a slight amount 
of Vibration when the motor turned slowly, but that this entirely 
disappeared when the speed was increased. "With regard to the 
danger of an explosion, resulting from the mixture of the escaping 
gas with the air, Dumont stated that he had no fear on that 
score, seeing that the balloon would always be in motion, and 
consequently the escaping gas would never reach the motor. He 
Said that he had seen flames 18 inches long dart from his motor, 
bat that no accident had happened. He had more fear of a 
" cold " explosion, i.e., of an explosion caused by expansion of 
the body of the balloon from any cause, supposing the valves to 
work badly. With petroleum motors, it is very necessary to be 
on one's guard against any accident, resulting in setting the 
petroleom reservoir on fire. On one occasion a fire of this 
natore occurred on board No. 9, but he luckily succeeded in 
patting it out with his Panama hat. His idea that escaping 
gases from the body of the balloon would not reach the motor, 
if in motion, is, however, incorrect. For instance, during tho 
ascent it is quite possible that an accident niight arise from tluH 
cause, and the necessary precautions must on no account be 
neglected. Another Brazilian, named Severe, met his death 
owing to an accident which was due to this very cause. His 
balloon, called the " Fax," was of a peculiar shape, and was sus- 
tained by an inner framework. Its capacity was 84,750 cubic feet. 
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A noteworthy point in its construction was the placing of the 
two Propellers at the ends of the longei axis. The front propeller 
was 18 ft. in diameter, and was intended to push the air aside, 
the Inick one, 20 ft. in diameter, was intended to drive the 
balloon forwards. In addition to these, there was behind the 
car a third propeller, 10 ft. in diameter. Two Buchet motors,of 
10 and 24 horse- power, were arranged symmetrically in the car, 
which was huilt up of bamboo rods together with tubes of steel 
and aluminium. 

Severo niade an ascent on May 12th, 1902, in Company with 
bis frieiul Sache, haviiig previously made three ascents in a 
captive balloon. The working of the propellers had been tested 
while the balloon was held in a captive State by ropes. Shortly 
after the start, it was noticed that ballast was being thrown out, 
and that the propellers only worked intermittently. After a 
quarter of an liour, Harnes were noticed at the back of the car, 
and a violent exi)losion followed. Immediately after this, abright 
ilame w as seen in the middle of the lower side of the main bodv, 
and another explosion took place. The balloon feil from a height 
of 1,800 ft., and Severo and bis companion were killed on the 
spot. It was subsequently found that the petroleum reservoir 
shüwed si<;iis of liaviiig been on tire, and the wholeof the car was 
niore or less burnt.^ 

The fault hiy in placing the car too close to the body of the 
balloon ; ihe coiisequence was that there was always some of the 
(^xplosive nüxture in the car, seeing that during the ascent the 
hvdrogen was escaping tbrough a valve which was immediately 
above one of the motors. At the moment of starting, the speed 
was too sniall to allow this eseaping gas to be swept away, and 
the explosion nuist liave originated at the motor. The flame 
was then carried along the cbimney, and came in contact with a 
stronger explosive mixture, with the result that a second 
explosion took place. The balloon then crumpled up, and asthe 
outer envelope was not firmly seeured, it did not act as a 
parachute, the fall being in consequence very rapid. Just before 

1 A füll arcuiint <.f the accidcut is ^ivt'ii by Kspitallier, an officer in the Frcnch 
ball«M n (•orp>, in llif JUui^triertc Ariotiaufittrltr MUtiilungen 3, 1902, 



GTELE BALLOONS FROM 1898 TO 1906, 75 

starting, Severo removed the pieces of wire ganze, whieh had been 
provided for the sake of seeurity, tbiukiiig himself that, they were 
unneceaearv, The Bmsiih'an Government, which had already 
shown its interest in these esperiiDents, has made proyision for 
Sev©r0*s family, and paid £1,000 to Sachets friends, 

The year 1902 was an unlucky one from the poiiit of view of 
balloonmg^ and niany fatal aecideuts took place. Gapüüii 
Bartsch von Sigsfeld of tlie Prussian balloon corps, who \vas 
well known from bis work in eonncction with kites, was killed on 
the oecaßion of a descent at Äntwerp on Fehrnary Ißt ; Boon 
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Fio. 39.— Severa'fl bnlloon about to atait. 

afierwards, a French naval officer, who was carry ing out some 
evolutions at Lagoubran, feü \\ith bis balloon into the water and 
was drowned ; Severo*s death followed, and finally Baron von 
Bradsky was killed in Paris while muking an aseent with a 
dirigible airsbip. Baron von Bradsky-Laboan built an aerostat, 
which had an envelope just large enougb to lift the dead weight 
of tbo balloon: any upward or downward movement was to be 
effected by memis of a propdler, workirg on a vertical axis, 
while motion iii a forward direetion was producedby a horizontal 
BcreWj steeriog being, aB usual, done by l^naeans of a vertical 
rudder. Ko air-bug was used. The balloon was 112 ft* long, 
ojid had a capacity of SO,0CO cubic feet. The gas was prevented 
from fiowiDg to either end by meane of partitions, wbreh divided 
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the interior into three compartments. A frame was buiU np 
parallel to the longer axis ; sails were mounted on it, having an 
area of 865 Square feet, and these could be lowered vhen 
required. The car was connected with the frame work by fifk 
lengths of pi(ino wire, but very little lateral stiffening was nsed. 
Bradsky made an experimental ascent on October ISth, and a 
young engineer, named Morin, accompanied him ; both bad 
previously made a coiiple of ascents as passengers in other 
balloons. Their plan was to sail towards the south-west against 
the wind, which only amounted to a light breeze. But they 
failed to do so, and were carried in a north-easterly direction. 
One of the propellers caused a tut about the vertical axis, and 
they ascended to a much greater height than had been expected. 
Bradsky seemed to be about to give up the attempt, and began 
to descend. When he was about 300 ft. from the ground, he 
called out for inforniation as to a suitable landing-place. As 
soon as he had satisfied himself about tbis point, it was notieed 
that Morin moved towards Bradsky, and the centre of gravity 
was shifted to such an extent that the car toppled over. Both 
aeronauts wem thrown out and killed on the spot. General 
Neureutlier's idea wns that the accident was caused by the 
absence of sufficient rigidity, the result of which was that the 
piano wires becanie entangled and broke. 

However 8ueeesHful Santos Duniont may have been, it cannot 
be said that he produced a balloon suitable for military purposes. 
Tliis work was accomplislied by Lebaudy, .whose balloon has 
been introduced into tlie French army with very successful results. 
Tlie construction of this airsliip deserves careful consideration. 
In 1899 the brotliers Lebaudy conimissioned an able engineer, 
named Juillot, to niake investigations into the design of dirigible 
balloons. The actual work of construction was put in band two 
years later, and the lii\st aseent was made on November 13th, 
1902. It was made of bright yellow calico, procured from 
Hanover, and was 187 lt. long, with a dianieter of 32 ft., and a 
capacity of 80,()()() cnhic feot. It was fitted with a Daimler 
motor, giving 40 hoib^e-power; the total weight, including two- 
thirds of a lou of bunzine, water and bailast was 2J tons. 
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Twenty-nine ascents were made before July, 1903 ; on twenty- 
eight of these occasions, the ballooa was able to return to its 
starting-place. The maximum speed was 36 ft. per second, 
though this Statement has been disputed. The balloon had now 
been in use for seventy days, and its covering showed sighs of 
wear : repairs were therefore carried out, and a f resh start was 
made in November. It was placed under the control of the 
aeronaut Juchmes» who was accompanied by a mechanic, and 
they brought it from the Champs de Mars to Meudon. As it 
descended, it was dashed against a tree and the outer covering 
destroyed. The motor was uninjured, and a new envelope was 
therefore put in band at once. 

The " Läbaudy 1904 " must be described more f ully, as it is 
similar to that at present in use. The unsymmetrical form of 
the first balloon was retained, bat the pointed end at the back 
was somewhat rounded to an elliptical shape, and the axis was 
lengthened to 190 ft. Its capacity was 94,000 cubic fest, its 
surface 14,000 square feet, and the weight of the covering rather 
more than half a ton. Tlie calico which had l)een brought from 
Hanover had turned out very satisfactorily, and it was therefore 
used on the new model. It was made airLight by coating with 
rubber both on the inside and outside. In France hydrogen is 
used which is prepared from sulphuric acid ana iron ; in 
Germany chemically pure gas is ordinarily used, and prepared 
by the electrolytic decomposition of water. The former plan has 
the disadvantage of allowing minute quantities of sulphuric acid 
to be carried into the balloon, and therefore an inner coating of 
rubber is required in order to protect the calico from its effects. 
The air-bag was increased to a size of 17,650 cubic feet, and divided 
into three parts ; the fan was also arranged in a more convenient 
Position, and placed closer to the main body. The air-chambers 
were so arranged in the first model as to be fiUed through a lonc 
neck which reached down to the car. This was found incon- 
venient, because at füll speed the wind pressure was so great as 
to make it difficult to pass air into the neck. There was also the 
great danger which might arise if flames should break out in the 
neighbourhood of the motor, and be carried up by means of the 
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neck« The bm was therefore driven by tbe motat^ if the 
machine ws» at rest, an electric motor and a hattery of äccuiqiI' 
lators were curriecl to supply the neceBsary power, Besidee the 
main valve, tliere wer© also two safety valves^ which &Uowed Ihe 
gaa to escupe urider a pressure of V4 in* of meieury* Two 8isaU 




Fig. 10»— FiÄroework «öd cai of L^baadj*t dirigible 

Windows were provided for inspecting the inside of the halloon* 
Every jx>ssible precaution was taken to ensure the stability of 
the machine. A horizontal oval-sbaped sail of blue silk, having _ 
an area of 1,055 square feet, was stretched below the gtand ; an^H 
lieneiith it there was a verlical sail, of niuch smaller dimensioDai^l 
of the nature of a keeh At the back, which was elMpticiilly 
shaped, ßurfaces having an area of abont 240 Square feet, and 
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shaped like the tail of a pigeon, were arranged round the main 
body, and were crossed at the middle by a small vertical sail. 
Instead of having only one rudder, the new model had two, 
which were smaller and placed further back. They were movable 
about a horizontal axis, and of the shape of a Y, with the pointed 
end towards the front. When at rest, it was in a state of stable 
equilibrium ; if one of the sails gave way before the wind, the 
other merely offered an increased resistance. The driver eould 
also alter their positions according to requirements. A slanting 
horizontal sail could be stretched across the front, and helped to 
balance the whole. A movable vertical sail, having an area of 
130 Square feet, was 
provided for guiding 
the horizontal move- 
ments ; it eould be 
turned about a vertical 
axis, slightly inclined 
towards the back. The 
car was boat-shaped 
with a flat bottom ; it 
was 16 ft. long, 5 ft. 
broad, and 3 ft. deep. 
The framework was of 
steel, and it was 
covered with thin sheets of aluminium. In order to increase 
the rigidity and at the same time to diminish the shock caused 
by reaching the ground, an arrangement of steel tubes, shaped 
like a pyramid, was placed below the car, with the apex down- 
wards. A guide-rope and an anchor were also carried. The car, 
which was only 10 ft. below the body, was more or less rigidly sup- 
ported by steel ropes about 0*2 in. in diameter. The 40 h.p. motor 
made 1,200 revolutions per minute, and consumed 31 Ibs. of 
benzine per hour, the reservoir holding 48 gallons. At the front 
of the car an acetylene lamp was mounted ; by daylight tliis was 
replaced by a Photographie camera, which was worked electri- 
cally. The total height of the balloon from the apex of the 
pyramid to the upper surface of the main body was 44 ft/ 




Fig. 41. — Car of L<*baudy;8 balloon. 
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The first experimental run was made on August 4th. How* 
ever on the 28th of the month an accident happened. As the 
descent was being made, the balloon dashed into a tree, and was 
carried away by the wmd, leaving its paasengers behind. Four 
hours afterwards, it came to the earth, and it was found that 
little damage had beeu done. The " Yellow," as the first balloon 
was calied, made 12 ascents in 25 days. In all it made 6S 
ascents. It had carried 26 different persons, among wbom 
were the wives of the brothers Lebaudy, and altogether it took 
from first to last 195 passengers. The longest joumey was made 
at Moisson on Jane 24th, 1903, when 60 miles were covered 
in 2 hours 46 miimtes. The repairs neeessitated by the alxive 
accident were completed on October llth, 1904, and foiiher teßfcs 
were carried out, beginning on the 29th. f 

The ** Lebaudy " liad in the meantime been much improved. It 
was fitted with a horizontal sail, 12 ft. long and 5 ft. broad. which 
could be roUed up; this was carried in front of the car, and 
intended to i)roduce niovements up or down without loss of gas 
or bailast. Later it was found to be a very eonvenient device. 
The arrauf^eiuents for lighting were also improved, and wer© 
used durinr; the ni^iijht of October 28rd. Each passenger earried 
a small lainp, which was fastened to bis clothes, and two lampe, 
each of 100 Cfindle-powcr, lighted the car and the lower side 
of the balloon. The candle-power of the acetylene projector 
was increased to 1,000,000. Eighteeu journeys were made before 
Decenibeu 24th, and the balloon was found to be completely 
under control. It was perfectly stable, and could always easily 
and safely be brought to the ground. The type of 1904 was, 
however, further improved. Among other things the cross- 
section of the main body was increased by 5 per cent. Calcuia- 
tions öhowed tliat this was likely to increase the air resistanceby 
about 11 per cent. Bat at any rate it has had no efifeet on the 
speed, becaiiso the motor was increased to 50 horse-power, as an 
indirect result of niising the capacity to 105,000 eubie feet. 
The weiglit of l)enziiie and ballast was at the same time increased 
by 75 per cent. 

The Frencli Minister of War paid much attention to the 
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progre^s of the work, and thougbt; it desirable to find out how far 
i »ach a balloon couM be adapted to military purposes. He there- 
' fore appointed a commission for thiß purpose, whieh conaisted of 
Calonel Boiittiaux» who eommanded the Balloon Corps, together 
with Major Viard and Captaiii Voyer* A deßnite program nie 
was proposed, Lebaiidy was to sail to the camp at Chalong, and 
there carry out certain experiments; after that» it was to be 
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Fi«* -12, — L^baudj's dtrigible balloon. 

takeil trO Toul and Verdun* The halloon was to remain in active 
Service for three months, and alwaya to be anchored in the open* 
Certain erections were raade for the purpose of anchoring it, but 
they were not very öueeessful in actual working, 

On Joly 3rd at 3.45 a.m*, the balloon started from Moisson in 
the direction of Meaux, having Voyer, Juchmös, and Bey on 
board, Fifty-Bix miles were covered in 2 hours 35 minntes, and 
the balloon came to the ground at the precise sjiot where Lt^baudy 
and his engineer were waiting. The maximum height had been 
k 1570 ft., and 2 ewt, of ballaBt had been thrown overboard. 

Ha. 
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Another ascent was made on July 4th, when Major Bouttiaax 
fltarted from Meaux at 4.38 a.m., and sailed against a strong east 
wind at the rate of 10 or 12 miles an hour. He landed at 
5.25 a.m., according to Instructions, at a place called Sept-Sorts. 
The balloon was somewhat damaged on the foUowing night in 
a thunderstorm ; but he was able to make a further start on 
July 6th. At 7.59 a.m. he started from Meaux and passed over 
€hateau Thierry to Chalons, wherehe landed at 11.20 a.m., after 
a jouiney of 8 hours 21 minutes. The distance, as the crow 
flies, was 58 miles, but the balloon actually covered 61 miles. It 
was then anehored to some trees, where it was exposed to a strong 
wind. It was soon torn away from its moorings, carried over 
some telef];raph wires to a height of 1,000 ft., and subsequently 
dashed aj^aiiist trees with considerable violence. The envelope 
was completely destroyed, but three soldiers, who had been left 
in the ear to attend to it, eseaped without serious injury. The 
Minister of War provided immediate facilities for the work of 
repair. It was astonishing to find how easily the repairs were 
executed without havin<^ recourse to the factory at Moisson, and 
without the provisioii of any special appliances. This was due 
in large nieasure to the ener^y displayed by JuUiot, who showed 
great abiiity in Controlling the execution of the work. A riling- 
school belonging to the 39lh Artillery Regiment was used as a 
Workshop. Another riding-school was also placed at their dis- 
posal, and the ground wasexcavated so that the balloon, together 
with the car, could be placed on the floor. In addition to this, 
a small installation was prepared to generate the hydrogen, 
together with scrubbers, driers, etc. The work occupied 150 
men for 11 weeks, and on September 2l8t gas was again passed 
into the balloon. On October 8th, the Minister of War happened 
to be in Toul on a visit of inspection, and though the weather 
was windy and rainy, Julliot determined to make a start. A 
series of evolutions took placß over the military hospital, and the 
return journey was then made. A further expedition was made 
on October 12th, starting at 7.3G a.m., with 930 Ibs. of ballast. 
They i)a8sed over the fort of Gondreville, and all the foriifica- 
tions in the neiglibourhood of Nancy, returning to Toul, where 
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they landed at 9.50 a.m. In 2 hours 14 minutes they had covered 
32 miles, the maximum height being 2,230 ft. On October 18th, 
the seventy-second ascent was made with five passengers oii 
board. The Instructions were to the eflfect that photographs 
were to be taken of the various fortifications, and a sack of 
bailast was to be thrown down at a given spot. Everything passed 
off according to the plan, and in spite of throwing out the 
ballast, the maximum height was only 1,800 ft. A fan was 
carried, which could pass 35 cubic feet of air into the air-bags in 
a second. The loss caused by throwin«]; out 44 Ibs. of ballast was 
quickly made good by pumping 635 cubic feet of air, and the 
further rise of the balloon was prevented. 

A series of ascents were then made by soiiie of the commanding 
officers, and took place without any accident, thoiigh theweather 
was not precisely calm. On the 24th of October the seventy- 
sixth journey took place, when the Minister of War, together 
with bis adjutant. Major Bouttiaux, Captain Voyer, and others, 
made the ascent. On November lOth, the balloon was allowed 
to retire into winter quarters after having had a truly brilliant 
career. Reports state that other ballooiis of a similar design 
have been put in band at Moisson and Toul, and that they are 
to be kept at the forts along the frontier. The cost of a balloon 
of this type is from £10,000 to £12,000, and caniiot be considered 
unreasonable in view of the Services which it could render in 
case of war. The cost of the experiments is not exactly known, 
but it is believed to have been between £100,000 and £150,000. 

The successes of Santos Dumont and Lebaudy have spurred 
others on with the desire to rival their feats. Count Americo da 
Scbio has a peculiar method of working without an air-bag, aud 
alleges that he can rise without losing gas and descend without 
alteration of the shape of the envelope. His balloon has a cigar- 
shaped body, 130 ft. long, 20 ft. in diameter, with a capacity of 
42,500 cubic feet. A broad band of rubber is placed inside, and 
as the gas pressure increases, it Stretches from 4J ft. to 11 ft. 
A safety valve comes into Operation before such pressure is 
reached as would be suflöcient to burst the rubber band. Sonie 
trial trips were made at the end of 1905, and the arrangements 

G 2 



84 AIRSHIPS FAST AND PRESENT. 

worked well, according to report. This sounds surprising inview 
of the fiicts stated by Monsieur de Quervain, ono of the Directors 
of tlio Meteorolop^ical Institute at Zürich. He points onfc ihat a 
rub1>er 1)iind offers the greatest resistance at the moment when 
the extension begins, and that this resistance decreases doring 
the proeess of extension, gradually increasing shortly before it 
breaks. Froni this it would seem that the automatic valve would 
operate at the beginning of the extension ; in fact, the rabber 
would never be extended at all. This will be noticed on blowing 
air into an india-rubber ball, when it will be seen that the 
greatest hing power is required at the moment of starting. A 
further peeuliaritv of this balloon consisted in coating it with fine 
akiminiuni powder, which was intended to prevent it from being 
heated by the sun to the same extent. 

Mach inlerest has lately been aroused in Grermany by the 
work done by ^lajor von Parseval. He has invented a kind of 
kite-balloon, and has built a niotor-airship in the factory of 
August Riccb'ngcr in Augsburg. The work is not yet complete, 
but it bas In'tri possible to producea speed of twenty-fivemilesau 
bour evcn under somewbat disadvantageous eonditions. One 
advantago of this airshij) lies in the fact that there is an 
absence of rigid connections, except in the car, sails, and 
riiddrr. Consequently it can be packed up easily and put 
on a raihvay truck. This adds much to its suitability 
for military purposes. Lebaudy*s airship is indeed capable of 
being packed up, but it recpüres to be taken to pieces in conse- 
quence of stiffening of various kinds, and this work takes more 
than a day. Tbe shape of Major Parseval's design is also novel. 
It cousists of a cylinder with a spherical end at the front and an 
egg-sliaped end at the back. The length is 157 ft., and the 
capacity 88,800 cul)ic feet. Two air-bags are placed inside the 
envelo})e, one at tbe front and oue at tbe back. These bags are 
constantly lilled by a fan, driven by a special motor, any excess 
of air eseaping tlirough tlie safety valves. By a special arrange- 
menl of valves, llu» drivor is able to adjust the amount of air 
whifli passes to tbe air-bags. According as he wishes to raise 
or 1 .)\ver the front end of tbe balloon, he adjusts the passage of 
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coDsidered to be more suitable for the parpose in view. A motor by 
Daimler is used, giving 90 h.p., at 1,000 revolutions per minnk. 
It is placed at the back of the ear, which is 16 ft. long. The car 
is hang by steel ropes about 26 ft. below the enveloi^e, and is 
constructed for the most part of sheets of aluminium. Its 
weight, together with that of the motor, pro|>eller, etc., is 1^ 
tons. The propeller with its four blades is prepared from stiff 
canvas ; it assumes its proper shape when put in motion. The 
fan is placed above the motor, and a length of tubing connects 
with the envelope. Tests have shown that 
tlie balloon keeps its shape well, that it is 
completely free from Vibration when under 
weigh, and that it is well under control both 

V~ with regurd to movenients in a horizontal 

and vertical direction. By altering the in- 
clination of the axis of the balloon it is 
I possible to rise or fall without loss of gas er 
ballast. The reaction produced on the upper 
(;r lower surface of the balloon, when moving 
at füll speed, is sufiicient to give rise to forces 
^' of several luiiidred poimds. It is very im- 
portant that a balloon, intended for use in 
I thü lield of war, should be capable of being 

—~- — ^1 easily packed. Count de la Vaulx has there- 

fore built a motor balloon which is capable 
of being taken ai)art with great ease, and 
packed in four parts. The Ih'st package contains the envelope, 
and occiipies about 35 cubie feet of space; the second contains 
the car, requiring Hoor space to the extent of 2 yards by 1 
\ard ; and the third and fourth contain the portions of the keel. 
Count de la Yaulx also uses yellow cambric of German make, 
because it is as yet im possible to obtain it of sufficiently good 
quality in l'rance. The two thicknesses of cambric are usually 
separated by a layer of rubber, ])ut there is a further coating on 
the outside. This is dono with the object of preventing the 
absorption of any nioisture. It is known that the covering of a 
balloon, having a capacity of -1(),000 cubic feet, can absorb about 
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2 cwt of moistare, and it is evident that a dead weight of this 
Order maj have considerable efifect on the length of joumey 
which it is possible to undertake. A balloon of a capacity of 
25,000 cubic feet bas great advantages from the point of view of 
transport, and also takes a small amount of gas. Both of these 
matters are of importance from the military point of view. Od 
the other band, it has the disadvantage of beingable to carry odIv 
one passenger. It is obvious that a man requires all bis wits 
to manage a dirigible balloon, and would be unable to find any 
time in which to make observations in the capacity of a scont. 
Count de la Vaulx therefore proposes to increase the size of bis 
airship, and the trial runs have tunied out to bis satisfaction. 

Many other dirigible balloons have lately appeared, which 
have all met with their share of success and failure. A short 
table is added, giviug particulars of the airships most frequently 
menlioned in the daily papers, together with some particulars as 
to their construction and Performances. It must be admitted 
that the consiruction of a dirigible balloon is a difficult matter, 
but a combination of patience, skill, and money will generally 
lead a man to the ^^oal. The problem is therefore not so much 
how to build the balloon as how to raise the money. Any 
government or any private person in possession of the necessarv 
means can easily construct «ueh things if they have recourse to 
men of technical ex\)erience. 
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CHAPTEB IX. 

FLTING MACHINES. 

Flying machines inclade all such devices as enable a man to 
fly without the use of gas-bags, and to move in any direction 
with the help of such contrivances as are carried on board. Two 
forces are therefore needed ; the one. to overcome the force of 
gravity, and the other to deal with the resistance of the wind. 
The oldest of these aerodynamic airships were worked by meaus 
of contrivances of the nature of wings. The flight of birds was 
the obvious example to be imitated. It would be merely neces- 
sary to provide suitable nieans for flapping some kind of artiti- 
cial wing, and the thing would be done. Some devices of this 




Fi(i. 4»). — Degen *8 flying machine. 

nature liave already been described. In 1784 Gerard constructed 
a flying bird ; Ihe wings were moved by mechanical devices, 
hidden in a box, l)ut the details of bis arrangement are not 
known. A man, named Meerwein, wrote a book in which he 
carefully investigated the subject of the flight of birds, and at 
the same tinie described a flying machine he had constructed. 
He is Said to have made some unsuccessful experiments near 
Giessen, but he tlirew out the useful Suggestion that experiments 
of this kind were best conducted over an expanse of water. 

Blanchard niade several ascents in Vienna, and this encouraged 
a watchmaker of Baslo, named Degen, to construct a flying 
macbine. With the lielp of some counterweights, he was able to 
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tiy Short distances in a large hall. He made some unsuccessful 
experiments in Paris, and was so roughly handled by the mob 
that he afterwards preferred to do his work from the shelter of a 
balloon. All sorts of proposals of the most complicated kind were 
made in the course of time, but no success resulted. A man, 
named Buttenstedt, who was an ardent champion of winged 
machines, had curious ideas which he proposed to put into 
l)ractice. He studied the position of the wings during the flight 
of storks, and developed a wonderful theory relating to ** elastic 
tension." He pointed out that when the bird is at rest, the tips 
of the wings are pointed downwards and backwards ; when it is 
Hying, they are pointed upwards and forwards. They reach the 
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Fii;. 47. — Üiagranis illustrating Maiej's tlicoi y with refcrence to the 
flight of a bircl. 

forced position, natural to flight, as a result of the reaction due 
to the upward pressure of the atmosphere on their bodies. Tbis 
State of " tension " puts the bird in a position to exercise a certain 
pressure, which drives it forwards. The onward movement 
ceases when the pressure, exerted by reason of this tension, in no 
longer sufficient to overeome the resistance of the air. According 
to this view, the essential feature in the flight of a bird lies in the 
State of tension, succeeded by a corresponding state of relaxation. 
A bird can only fly forward, beeause the positions of its wings 
and of its centre of gravity do not admit of a backward movement. 
A Frenchman, named Marey, also made a special study of the 
Bubject, and found that a bird does not drive the air backwards as it 
flapB its wings in a downward direction, but flies in such a manner 
as to bring the tips of the wings towards the front. Tlie tips of 
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tlie wings do not niove as bIiowu at A, but as shown at B. As 
the hird HieH forward, it does not drive the air from under its 
brxly, but throwH it, from the side and from behind, l)eneath the 
body ; at the samo time the force of the downward 1)lo\v alters 
the ßhaiHj of the feathers from a downward concavity inlo an 
iipward convexity. These forces tend to drive the bird for\\aril 




l-n;. 1*^. Stent zi-l's llyinj; inaohine. 

in cxjictly iIh' sanic May iis a lisli is propelled by the movement 
of its liiil. 

Tlierc \vMs nt jiiiy nitt» u better prospect of success as soon as it 
\vjis ])n>|»()S('(l to UM' soiiio form of engine as tlie motive jwwer. 
Two att('ni])ts oii tbcM- lines dcserve mention. An engineer, 
iiaiiird StcMitzt'l. of Ilainbin^', constnicted a gigantic bird; the 
(listaiicc^ ])et\vccn tlic tips of tlie wings ^va8 20 ft. ; the wings 
tliciiisi'lvcs wvrr r> fi. i; in. l)r()a(l, and fonned a concavity of 1 in 
PJ. They wcrc covchmI \vith silk, the main ribs l)eing of steel 
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and joined hy small connecting rods to a carbonic acid motor. 
It was intended to steer by means of a rudder, shaped like a 
cross. The surface exposed to the air was 87 Square feet, and wit h 
an Output of 1'5 horse-power, a weight of 76 Ibs. was lifted froni 
the ground. It was possible to make 84 flaps of the wings in a 
rainute, and they were so powerful that a man was almost swept 
off his feet by them. Unfortunately this type was not found 
suitable for an extended trial. Flying machines with wings 
seem unlikely to promise great results, partly because questions 
of stability arise with which it is difficult to deal, and partly 
l)ecause a slavish imitation of bird-mechanism is hardly likely to 
be more successful than a human automaton. 

The idea of using propellers was an improvement. This 
appears in its most primitive form in the scheme of Launay and 
Bienvenu, who used the tension produced by a stretched bow to 
produce rotation of the screw. Ninety years later, Penaud 
improved on this design by proposing the use of rubber bands 
for a similar purpose. But here again it soon becomes evident 
that without some continuous motive power, little can be 
accomplished. For many years, nothing was done, but lately 
the problem has been further discussed in view of the great 
improvements which have been made in the art of building 
motors. The first idea was to revive the ancient modeis. A 
■mall machine was made by an engineer, named Kress, with 
rabber bands, on the lines proposed by Penaud. On the oecasion 
of a leetnre, be succeeded in making it fly up to the ceiling. 
There is also a well-known toy which consists of a small screw, 
set in rapid rotation by puUing a string ; the result being that 
the tbing flies up in the air. A toy of this kind was common in 
France fifty years ago under the name of Striypheor or 
Spiralißre. It is still to be seen nowadays in the form 
of butterflies, etc. 

A man, named Leger, has lately made some experiments with 
the help of the Prince of Monaco. He used two screws of 20 ft. 
diameter, which were driven by a motor, giving 6 horse-power, 
and produced a tractive force of 240 Ibs. The samo propellers 
can be used to produce vertical and horizontal movements. If 
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the propeller works on a vertical axis, the apparatus will rise; 
whereas if the axis is iuclined to the horizontal at an angle 
of 45 degrees, a forward motion can be obtained. Dofani 
worked at Geneva with a model which had propellers, weighing 
37 Ibs. It was ötted with a 8 borse-power motor, and produced 
a pull of 14 Ibs. On October 28th, 1905, it is said to have flown 
over a distance of 500 ft.^ 

We seldom find a man imbued with the ideas of the balloon, 
adapting himself to the principles of the flying machine withaDv 
success. Yet it was done by the most populär balloonist of our 
time, Santos Dumont. On January 2nd, 1905, he announced 

himself to the Aero Club as 
acompetitorfortlie Deutsch 
and Archdeacon prize, after 
he had quietly built him- 
self a flying machine. As 
shown in the appended 
diagram, the two upper 
Propellers C C have a dia- 
meter of 20 ft, and produce 
motion in a vertical direc- 
tion ; the propeller D. has 
a diameter of 6J ft., and 
drives the machine for- 
wjirds. Eacli of the propellers G has a total surface of 43 square 
feet, and together with the transmission gear it weighs 30 Ibs. The 
one revolves in the opposite direction to the other, so as to prevent 
a rotation of the entire apparatus about a vertical axis. The car 
is constructed of bamboo, and contains a Levavasseur motor with 
eight cylinders, giving 28 horse-power. The weight of this motor 
together with the necessary supply of water is 1 cwt. At the back 
of the driver's stand is placed a vertical rudder. The preliminary 
trialsiire said to have l)een successful and each of the lifting pro- 
pellers was found to be able to raise a weight of 200 Ibs. ; the total 
lift was therefore 400 Ibs., and this could raise the machiue and 

1 See iiUo " rroccediiigs of the International Conference on Aerial Navigation at 
f'hicagu," 11M);J, p. 284 ; and Leoornu, " La Navigation Aerienne," p, 3J>7. 




Fh;. 49. — Dufaux' flying niachino with 
propelk'i-s. 
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diiver, besides about 80 Ibs. of cargo. He used no sails, and 
this would add greatly to the danger of an accident caused by 
stoppage of the motor. In such a case he would s^arcely get off 
so easily as he has done in the past. No doubt thisfact weighed 
on bis mind, for he proceeded forthwith to build himself a kite, 
mtending to drive it by propellers placed at the sides of the 
sails. The rudder is in the shape of a cross, and capable of 
being turned about both horizontal and vertical axes. The sails 
are of silk, stretched over bamboo, and are 50 ft. long and 26 ft. 
broad, with an area of 237 Square feet ; the weight of the whole 
raachine together with the driver is only 310 Ibs. He has 
already made two ascents in this airship. On the tirst attempt, 
it rose in the air, 



but after a short 
distance it came to 
the ground with 
rather severe in- 
juries. Santos Du- 
mout immediately 
biiilt another, and 
in this he is stated 
to have travelled a 
distance of 200 ft. 
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Fio. 50.— Santos Dumont's first Hying mach ine. 



at a height of 12 ft. from the ground. This aeroplane is of 
a totally different nature from the original design of flying 
machine adopted by Santos Dumont ; and it cannot be doubted 
that it is the thing of the future. It would be exceedingly 
dangerous to propose to do without sails of any kind ; a motor is 
capricious enough, even when standing on solid earth ; in mid 
air, it is likely to be more so. The weight of kites or aeroplanes 
is small, and ihey have the further advantage of presenting a 
small surface to the wind, in consequence of their horizontal 
motion. 

A kite may be defined as a flying machine, carrying sails, 
which Support the weight of the api)aratus. The sails may be 
large or small, flat or concave, and are for the most part slightly 
inclined to the horizontal. The forward motion may be produced 
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indirectly by gravity, as, for instance, in the case in which it is 
allowed to fall slowly from aheight with its sails slightly inclined 
to the liorizoiital. Or on the other hand it may be moved forward 
by the action of propellers. Motion in a vertical direction may 
be induced by a propeller arrangement of the sails or by moving 
a horizontal rudder. Steering in the ordinary sense depeuds on 
the Position of vertical sails, and the possible arrangement of sails 
is almost infinite, as will be seen from the following examples. 

The first aeroplane, driven by motive power, was the work of 
an Englishman, named Henson, in 1843. A light framework of 
wood was constructed, 100 ft. broad, and 30 ft. long. It was 
covered with silk, and slightly bent upwards at the front. A 
rudder, shaped like the tail of a bird, and 50 ft. long was used to 
steer in a vertical direction. The car was placed below the main 
sail, and contained the steam engine and passengers. Two screw 
propellers were pliiced on either side of the driver ; the speed of 
these could be regulated, and by suitable adjustment it was 
possible to turn to the right or left. The steam engine gave 
20 horse-power. The uiachine was built on correct principles and 
caused greut excitement ; but Henson only succeeded in making 
it work over a downwaid path. The air is always compressed 
beneath the sails of an aeroplane, and this exerts a lifting or 
supporting force. Generally speaking, it is impossible to main- 
tain a position of equilibriuni, because motion is necessary for the 
continued compression of the air. Henson's propellers were 
probably insufficient to generate the requisite lifting power ; but 
it was generally admitted that patience would bring success. 
Consequently a niultitude of proposals were made, for the most 
part of no great importance. Perhaps mention ought to be made 
of a lieutenant, named de Temple, who prepared very carefol 
plans for the construction of a kite, to be driven, as before, by 
proi)ellers and steam engine. 

Phillips made a curious form of flying machine in 1862. It 
somewhat reseml)le(l a Venetian blind, supported on a wooden 
frame. The hei^jjht was 9 ft. 3 in., and the breadth 21 ft. 8 in. 
The whole thing was mounted on a carriage, shaped like a boat, 
and running on wheels, 24 ft. 6 in. long. It was driven round a 
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circular track, 600 iL long, by a small steam engine connected 
I to propellers, making 400 revolutions per minute. The weight 
of the whole wa.9 rather less than 3 cwt. It was anchored by a 
rope to the middle ol the track, The teste showed that a dead 
weight of 7*2 Ibs., placed on the front wheels, could be lifted 
SO ins. ioto the air, and this proved that the prmeiplea of con- 
struction were correet. It seems curioua that after Buch 
preliminary success nothing further should have been done. 
Bot the difficulty is to determine the rigbt position for the 
centre of gravity, and to ensure a reaeonable amount of stability 
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ien in motion, These points can ouly be settled after the 
€spenditure o! much tiine and money, 

Some of the most interesting exp^riments were carried out by 
Sir Hiram Maxim in 1888, vvith the assistance of the late Pro- 
feaiQir Langley. The aeroplane cost over ii20,000, and was 
designed on a large Bc^ile. It conait^ted of a big sail with a 
uumber of smaller sails to the right and left of it, having 
altogether an area of 3,875 Square feet* They were connected to a 
platfortn« 40 It. by 8 ft,, by mcans of a frameworkj built up out 
of thin üteel tubes* The phitform contaiued a seat for the 
driver, together v^ith the boiler, engine, etc., and the boiler was 
fired by a gas-burner, which was fed with naphtha, The Ijumer 
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itself consisted of a cylinder with a nomber of horizontal tnbes 
and about 7,650 jets. The diameter of the propellers was 

17 ft. 6 in. The 
vertical movements 
of the machine were 
controlled by two 
horizontal sails, one 
at the front and one 
at the back. Hori- 
zontal movements 
were regulated by 
two sails, inclined to 
one another at an 
angle of 7*6 degrees, 
and arranged on 
either side so as to 
be capable of being 
hoisted or lowered, 
the result being to 
shift the Position of 
the centre of gravity 
and consequently to 
alter the direction 
of motion. The 
machine weighed 8^ 
tons, and for tho 
purposes of the trial 
runsit wasmounted 
on four wheels and 
put on a railway 
track. An overhead 
rail was placed a few 
inches above the top 
of the machiue with 
a view to Controlling 
the upward motion. With a steam pressure of 22 atmospheres, 
the machine rose off the lower rails and came in contact with 
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the Upper one. During a later test, the overhead rail was 
broken by the force of the impact. The machine flew away 
acro88 the field, and was partially destroyed. A dynamometer 
showed that a dead weight of 4^ tons would have been lifted, and 
as a result of these tests it is safe to affitm that it is possible to 
design aeroplanes of great weight. 

During the Exhibition in Paris in 1900, a peculiar form of 
flying machine was to be seen, which looked like an enormous 
bat. A Frenchman, named Ader, had built it, with the assist- 
ance of the Minister of War. The sails were of the nature of 
wings, and could be folded up at the back. In addition there 
were two propellers, each with four blades, driven by power. 
The whole apparatus weighed nearly half a ton, but it managed 




FiQ. 53. — Ader's flying machine. 

to lift itself off the ground. It soon toppled over, and was much 
injured in consequence. An engineer, named William Kress, 
living at Vienna, ^Iso distinguished himself by making a flying 
machine. He had been interested for many years in the sport- 
ing features of the problem, and finally began to study the matter 
in its scientific aspects. The model which he made with rubber 
bands has already been noticed. His designs received their 
final shape in June, 1901, w^hen he started his trial runs on a 
reservoir near Vienna. The machine was mounted on two 
narrow boats, made of aluminium. The boats served a double 
purpose. They were useful in case of unexpected descents into 
the water, and on the other band they could be used to slide it 
over snow or ice, as he had an idea that a flying machine of this 
kind might be useful on polar expeditions. A frame of steel 
tubes was mounted over the boats, and on this the sails were 
fastened« The design took the form of a keel with the sharp 
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reached the end of the lake in 20 minuLeB, aiid ihen proceeded ■ 


to turn back. At this momenfe the boat mwayed first to the left 1 


and then to the right, and &b a result of these vibrations it got 1 
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into such a position that it was nnable to right itself. A gust of 
wind added to the difficulty, and there was nothing to be done 
but to jump into the water. A man had been deputed to be 
ready with a boat in case of accident. But he was so overcome 
by the dangers that stared him in the face as to be obliged to 
get further assistance before making a start. Kress was finally 
rescued as he was on the point of being drowned. The remains 
of the kite were found after some days; the motor was 
uninjured, but everything eise was a confused mass of wires and 
tnbes. 

Experiments on the water, conducted after this fashion, givea 
totally wrong inipression of the probable behaviour of a kite in 
the air. On water, the point of support is below the centre of 
gravity ; in the air, it is just the other way round. Therefore 
those eontrivances wiiich are likely to increase the stability in 
the air will only tend to upset it on the water. Attempts have 
been made to raise money in Austria in order to help Kress to 
make further progress with his work ; but up to the present little 
appears to have resulted from these efforts. 

Professor Langlcy lias also carried out his experiments in 
America over tlie surface of water. He was direetor of the 
Smitlisoiiian Institute at Washington, and died in March, 1906. 
He tesled bis tust model over the Potomac Eiver in 1896. His 
** aerodromes " Nos. 5 and 6 gave satisfactory results. He had a 
special arrangenient for starting, which consisted in sliding it off 
a swinging table into the air. A bärge was used as the starting- 
point. Mr. Frank Carpenter stated that the best result was 
obtained on December 12th, 1896, when a distance of a mile was 
covered in 1 minute 45 seconds. Langley conducted his work in 
the greatest secrecy, and Mr. Carpenter was indeed present at 
this test qnite ])y accident. Dr. Bell reported in Nature 
(May 28th, 1896) iliat to bis knowledge two successful trials had 
taken place. A drawing in the Aeronautical Anniial for 1897 
shows that Langley's " Aerodrome No. 5 " had the following 
measureuients, viz., length without rudder 8 ft. 6 in., total span 
15 ft. The bearing surfaces consisted of four sails, the length of 
each sail being HO in. Two propellers were driven by steam in 
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opposite directions, the steam pressure being 150 Ibs. per Square 
inch, and the diameter of the propellers 3 ft. The weight of 
the entire machine was about 28 Ibs. The only information to 
be had about " Aerodrome No. 6 *' was to the eflfect that it came 
to grief on its trial run, and the same thing happened to its 
successor. The last kite had two immovable sails on each 
side, which were rigidly connected by a steel framework to 




Fig. 56. — Starting arrangements for Professor lÄngley's flying machine. 

the boat, the breadth of the machine being about 46 ft., and 
the depth 33 ft. It was driven by two propellers arranged at 
the sides. 

Professor Manley, who helped Langley, is said to have made a 
trip along tbe Potomac Eiver in the following fashion. The 
Workshop had a horizontal platform 30 ft. above the level of the 
water. The aerodrome was mouüted on a car, which was pushed 
rapidly forward by means of strong Springs. The movement of 
the car was stopped as soon as it reached the edge of the plat- 
form ; the aerodrome then slid off, and after dipping down for a 
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Short distance, it tumed upwards and continued its flight. This 
at any rate was the Intention ; but according to the reports of 
tbe Smithsonian Institute, there was a slight hitch in the pro- 
ceedings, which resulted in the sudden immersion of the airship. 
It was prevented from sinking by certain hollow cylinders, which 
had been thoughtfully fixed to it at different places, and Manley 
was eventually rescued from the water. 

The arrangements for starting are of great importance. It has 
been already i)ointed out that a certain amount of kinetic energy 
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Fig. 57. — Professor I^ngle.v*s djing machine 
at the moment of starting. 



nuist be croatetl in order 
thfit the air may be 
suffi ciently c a m p r e s s e d 
beneath the sails. The 
machine can then hover 
in the air. The motors 
have then their work to 

do in the shape of driving it forward. As a start, it would be 
satisfactory to mnke the machine work with special arrangements 
for hmnching it ; but it ought to be understood that this is only a 
temporary expedient. Otherwise the area over which it would be 
possible to fly such a machine would be very limited. This point has 
been borne in nünd by another inventor, Herr Hofman of Berlin, 
who uses the kinetic enerpy geiierated by the fall to start bis 
machine. It is built on legs or stilts. AVhen ready to start, the 
legs are laid against the body, and the wings folded together in the 
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middle. Jost before the flighfc begms, the wings are unfolded and 
the legs placed more upright. The centre of gra^aty is therefore 
raisedf and the machine is started in thls position, so that the pro- 
lers can he sat to werk* Ä considerable speed is soon reaehed, 



Fia. ßg. — HofiD&iiii*B firet modfll with carbonk ac!d motor. 

rbecause the sails are carried in a horizontal position. The lege 
are then jerked up af^ainst the body, and the whole thing begins 
to falb In doijig so, it turna over so Ihat the saib are no louger 
parallel to the ground, while the motur continues to drive it 
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forwards, But this upward movement is only intended to last 

an instant* The wings sooii get iülo such a position that they 

are able to take the wbole load, and as the maehine moTes 

rforward, fre^h quantititjs of air are Buceeasively eompressed 



106 



AIRSHIP8 PAßT AND PRESENT. 



beneath the wings. The upward reaction becomes so great that 
the machine not merely floats bat soars higher, continaiDg its 
flight steadily under the mfluence of the propellers. If a fall 
should take place, the speed of falling is much reduced by the 
reaction of the exposed surfaces, exactly in the same way as with 
parachutes. The correctness of the inventor's ideas is probably 

shown by the faet 
that he has often 
publicly exhibited a 
small model, reduced 
in the proportion of 
1 to 10, which flies 
saccessfully in a 
large hall. 

The machines 
which have been 
described were in- 
tended to be worked 
by motors, and even 
in the smallest de- 
signs, such was 
always the case. 
Many, however, be- 
lieve that this is 
wrong in principle, 
in so far as experi- 
ment is concerued. 
Their idea is that 
the first Step sliould be in the direction of floating, and that 
when sufficient is known to deal with the niceties of that art, it 
will be reasonable to talk about working with motors. 

The man who first started on these lines was a German, named 
Lilienthal. His methods have been much imitated in France 
and America, and require to be fully described in order to under- 
stand the problem of floating motion. AVhen he wasaschoolboy, 
he tried the most primitive methods. He fastened wings to his 
body, and tried to get sufticient impetus for ihe Start by running 




Fig. Co. — Herr Hofmann and Mr. Patrick 
Alexander in the Workshop. 




3WI1 & hilL Later on, with th© help of bis brother, 
üls, which were dJstended to represent tlie wingn of a ) 
made of ealico, supported on a frame of wiukenvork. He Bat 
with th© lower pari of hie arms resting on the frame ; in this 
way he controlled the movements of his rnachine. In a Btroug 
wind, he would soar above Iheheadsof the astonished spectatora ; 
under other conditions^ h© would appear to float, almost at rest, 
This Bimple type of Bali led Liüenthal to develop oLher deßigns, 
with a view to having greater control over the force of the wiiic 
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Fig. (jU— Lilien thal od hk Üytiijyr inuchine. 

Sudden gustB were particuUirly dangerous and migbt cause the 
whole macbine to turn over. He found a maxinium area of 150 
Square feei to he suitable for bis sails, with a spau from tip to 
iip of 23 ft. Anything bigger tban this only caused loss of 
fetability* Landiiig was also a ditBcult Operation; he said that 
he was oftün obliged to perform a kind of wild dance in order to 
keep his equilihrium. Süll he generally eame witbout accident 
to the ground, tbough he feit to have very iraperfect control over 
his movements* He started hj tbinkiug he could do what was 
necessary by libifthig the position of bis body, and in tbia way 
he altered the position of the centre of gravity» Tbiu worked 
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well so long as the sails were small, but Iie was driven to increase 
their Bize. Ho therefore made an apparatus, which had a sail 
both on the left and on the right ; the area of each was 97 Square 
feet, and the span froni tip to tip was 18 ft. In this case, the 
old method of shifting the |K)sition of the centre of gravity 
worked well. If the wind lift^d the wing on the left side, a 
slight change in the position of the lx)dy at once restored it to 
its original position. He was also able to rise to much greater 




Vui. iV2. — Lilionthal stJirtini,' from the hill on his flying machine. 

hei;;hls, and to tloat over the öi)ot from which he had started, 
if the Speed of ilie wind was greater than 30 ft. per secoud. 
In onlcr to land in a grntle h.eeze, the machine was pointed 
upward.s by allowing the body to fall Imekwards. Just before 
reachiiig the ground, the legs were thrown out, as if about to 
niake a spring. In this way a very unpleasant shock was 
genurally avoided, hat if tho wind was stronger, the apparatus 
would fall to the ground genlly of its own aecord. 

On his niaiiy trips Ijilientlial always noticed the decided 
tendeucy of the wind to raise his niachine. He also believed 
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that the wind induced an eddying motion, similar to that noticed 
in the flight of birds, but the hill f rom which he started was too 
close to allow him to indulge in the execution of any such 
manoettvres. His practising ground was generally in the neigh- 
bonrhood of Berlin. He always started from a hill, and finally 
constructed one for his own purposes near Gross-Lichterfelde, 
60 ft. high and 230 ft. in diameter at the bottom. He gradually 
reached a certain proficiency in the art of flying, and thought 
he might safely try the effect of a small motor, which was to 
be used to Aap the wings. He had a further scheme by which 
he altered the position of the rudder through a movement of 
the head, but unfortunately on August 9th, 1896, some mistake 
was made in one of his adjustments. When at a height of 
60 ft. the wbole thing turned over and feil to the ground, 
Lilienthal being killed on the spot. Two years previously he 
had had an accident on the same spot, owing to the breakage 
of one of his arm Supports ; at that time he escaped without 
8eriooB injury. But the fate of this indefatigable man lias in 
HO wise discouraged his successors ; his work is being continued 
in many parts of the world. 

Percy 8. Pilcher made many machines of this kind, and was 

Teiy ßkilful in their management. He employed the methods 

of a ehild's kite, and employed men to pull him by a rope in a 

d£rection opposite to that of the wind. In this way he often 

rose to heights of 60 feet. But he met with the fate of Lilienthal, 

nnd, falling from a height of 30 ft., sustained fatal injuries. 

Chanute and his assistant Herring made many attempts with 

aeroplanes in Chicago. Chanute introduced an improvement 

in the phape of an elastic rudder. This consisted of an arrange- 

ment by which the incUnation of the sails was adjusted to meet 

the pressure of variable gusts, and he made a great number of 

trips in aeroplanes of this description. Herring continued the 

experiments and added a motor. This was placed between two 

of the exposed surfaces of the machine, and with its aid he 

actually succeeded in flying, but the flight only lasted a few 

seconds, as the air was not suflBciently compressed. 

Hargrave was the inventor of a peculiar but excellent type of 
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kite, somewliat of the form of a box. But the brothers Wright 
far outstrip everybody eise, if the reports of their doings are 
true. The world was lately astonished at the news tbat they 
had formed a compaDy in Paris, which was to buy their invention 
for the sum of £40,000, and place it at the disposal of the 
French War Office. The Wrights then stated, in answer to 
enquiries, that they were proposing to seil it for the sam 
mentioned in the report; but as a condition precedent to the 
sale, a trial run was to be made in the neighbourhood of Paris, 




Flu. (»3.— Startingan aeroplane. 

and was to show a speed of 30 miles an hour. Wilbur and 
Orville Wright aro natives of Dayton, Ohio, and having enjoyed 
a good technical education and started a successfui bicycle 
factory, they turned their attention to the problem of flight. 
They had the help of Clianute, and foUowed Lilienthal's plan 
of mastering the art of tloating before trying the effects of a 
motor. With a wind l)lowing at the rate of 26 ft. a second, 
they were able wilh their ai)paratu3 to maintain themselves for 
a while in the air. The experiments were carried out on the 
dunes along the shore of the Atlantic, where a steady wind blows 
the whole year round. 




They first directed their attention to three points : (1) whether 
It is better to let the driver stand or lie down ; (2) ^'hefcher 
etabilitj is better enaured by special steering deviees or by 
Ehifting the position of the ceulre ot gravi ty ; aod (S) what 
effect iß produeed by a rudder plaeed at the front of the machine^ 
The experimeats wäre alwayä earried out in the same order, and 
-the machmee were first tested like kites at the end of a rope. 
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^^»odicum of stabÜity seemed assured, one of the broUteru laid 

Mmself at füll kngth in the mach ine. The work theu conti nued 

^Hi the game keoo and determined way ; neiiher the ej^pected nor 

^The unexpected was sufficient to npset their mental balancep 

[he form af the aeroplane was alinost exactly the same aä thai 

bf Chatinte and Herring. Two surfaces of tbe nature of sails 

ffere arranged, the one above the other, At first tJiey were 

lightly concave ; bat this was abandoned in favour of fiat 
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surfaces. The driver lies at füll length on the lower sail in a 
Space arranged for this pnrpose. In front of him is the rudder 
Controlling the elevation. The vertical rudder for directing the 
horizontal motion is behind him. The design nsed in 1900 had 
a sail area of 172 Square feet ; in 1901 and 1902 this figure was 
increased to 812, and finally, in the year 1908, when the motor 
was first introduced, it was again raised to 625 Square feet. In 
1902 the length of the sails in the direction of motion was 
5 ft. 8 in., and their breadth 85 ft. The vertical rudder for 
horizontal movement had an area of 14 Square feet, and was 
placed at the back and shaped like a bird*s tail, the total 
weight of the macliine being 117 Ibs. The course was inclined 
at an angle of 7 de<;rees to the horizontal, but a slight accidedt 
led to an altera tion of the back rudder. This was redneat 
to half its former size, and the stability was then found to iM 
all that could be desired. The angles of fiight varied frodi 
5 to 7 degrees, the longest distance travelled being 200 yaidi 
in 26 seconds. 

They then made an important step forwards and tumed their 
aeroplane into a flying machine by using a motor, which was 
built in their bieycle factory from their own designs. It was 
then arranged so as to drive two propellers at the back, and the 
weight of the whole machine amounted lo 5^ cwt. The first 
trial was made against a wind blow ing at the rate of 88 ft. per 
second, and the start was made from a railway track with the 
motor going at füll speed. Itrose upwards to a height of 10 ft., 
and after some irregulär movements came to the ground. The 
longest distance travelled in 1908 was 850 ft. in 59 seconds. 
The trials were continued in the following year, and distances of 
800 and 400 yards were covered. In September, suflScient pro- 
gress had been made to enable them to turn round slight bends, 
and on the 20th they succeeded in returning to their starting 
point. All these journeys were naturally undertaken with a 
driver on board ; latterly small loads of iron rods were also taken, 
which gradually rose to 2 cwt. The following is a statement of 
the best results obtained in 1905. On September 26th, a dis- 
tance of 11 miles was covered in 18 minutes 9 seconds. The 
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lengtb of the journey depends on the amount of b^nzine carried ; 
in this case it had been öupposed to be capalile of lasting 40 
min Utes, On September 29 tb, 12 miles were covered in 19 
minuteB 55 soeönds; on Ocfcol^er 3rd, with a larger reservoir for 
the benzüie, 15 miles were done in 25 mimitea 5 seconds ; ou 
October 4th, *21 miles in S3 minuteö 17 seeonds» and on the 
foUöwing day, M miles in 38 miuutes 3 Heconda. 

Captain Ferber, of the Balloon Corps, and the editor of 
UAerophih put themselves in communication with the 
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. lü. y'Ü.K Arobiicacon's c^perimcats an the Seine. 
(Froni Mi^jUetwck'» ** Die LtiftacbJmilitt* ') 

WrightB in order to find out the exact position with regard to 
ihese ferials. The answer vvhieh Ferber received tended to show 
that there bad been mach exaggeration in the reports. Chanute, 
however, stated in a lettev that he had wifcnesaed a trial tripover 
a dißtance of 500 yards, and had heard that great dietances had 
been covered ; bot a journey, which was to cover 40 miles in an*' 
honr, had been abandoned on aecount of the strong wind Mowiog 
on the day of his visit* In so far as the Outsider is eoncern^, 
not the least mysterious pari of the affair seems to be the 
H proposal to seil the invention to the French GovernmenL 
H The work done bv Professor Montgomerv in CaHfornia doea 
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not seem to have been so successful. He built an aeroplane for 
the Jesuitß of the monastery " Santa Clara." His Intention was 
to raise it to a height of about 2,500 feet by means of a Mont- 
golßere, and then to cut it adrift. On July 19th, 1905, after a 
Beries of successful experiments, one of the sails broke after the 
machine had started from the balloon, The apparatus feil 
directly to the ground and the driver was killed on the spot. 

Mention must also be made of the work done by Archdeacon 
in Paris. His aeroplane was towed by a motor-boat, travelling 
at 25 miles an hour, in a direction opposed to the wind, which 
was blowing at 4 miles an hour. It was constructed after the 




Fig. gg.— Langley's flying machine on the Potomac. 
(From tlie JUtutrierU AeronauHxhe MÜUüungen.) 

fashion of a Hargrave kite in Surcouf's balloon factory. At the 
front there were two sails, 33 ft. by 6 ft. 6 in., and at the back 
two other sails with an area of 220 Square feet; the rudder, with 
an area of 32 Square feet, was placed at the front. The weight 
of this machine without driver was 6 cwt., and it was mounted 
on two small boats after the manner adopted by Ejress. 
Generally S2)eaking, it turned out to be very stähle, and rose 
to heights of 150 f t. But it often feil into the river, over which 
the flight took place, and on one occasion it turned over com- 
pletely, sustaining serious damage. 

Lately a good deal has been lieard of another type of flying 
machine. It is proposed to run the machine along the level by 
the aid of a motor until such a speed is reached that the 
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compre&sion of the air Buffices to lift it upwards. All these ex- 
periments tend to show that the crux of the problem lies largely 
in the creation of sufficient kinetic energy to give the machine a 
Start. For the sake of completeness, two other types ought to 
be mentioned, viz., the paddle-wheel and the sail-wheel. Koch 
of Munich advocates the former ; the propulsion is eflfected by 
paddle- wheels, placed below the sails of the machine. Professor 
WeUner advocates the latter, which consists in mounting the 
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Fig. 67. — Wellner's flying machine. 

sails on the surfaces of revolving drums, and thereby causing 
them both to support and propel the load. 

Even if the reports from America about the Wrights are 
largely discounted, it is quite certain that substantial progress 
has been made of late years in the design of äying machines. 
It therefore does not seem to be unduly optimistic to suppose 
that the twentieth Century is likely to solve this problem and to 
produce a flying machine, capable of doing work of a really use- 
ful nature. The difficulties mainly lie in producing flight in 
the direction of the wind, and still more, in a direction at right 
angles to that of the wind. It is far easier to move against 
the wind in a machine of this kind than in a dirigible 
balloon. 
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CHAPTER X. 



KITES. 



The kite was probably invented at least 200 years l>efore tbe 
l)irth of Christ, and seems at that tiuie to have l)een used for 
military piirposes. The Chinese general, Hau Sin, brouglit bis 

forces to the relief of ji 
beleaguered town, and 
by means of kites he is 
Said to have signalled 
to tbe inhabitants. 
showingtbem thedirec- 
tion in which he was 
making an Under- 
ground passage into 
the town. The i>eciiH- 
arities of kites must 
therefore have been 
understood at that 
time.^ Some 800 years 
later another Chinese 
general used them to 
help him to eflfect a 
junction with bis allies. 
He was besieged in the 
town of King-Thai, and 
Fkj. Gs.—Tiiü JapaiR'.-v • May (^arp/* seut out a number of 

(Fn.mtl.e///».rr.v.r..^.w,..«^•...;...^//,^,7..,:... iv..:.) j^j^es with a request 
for speedy relief, the i)()sition of tbe kites showing the most con- 
venient side of tbe town for an attack. In later years the English 
and the Spaniards are said lo have used them for similar purposes. 
Moedebeek made enquiries as to their use in Japan. It appears 

1 L'.V-ormi, •• Ia> (.'crN-VtilaTit:*." l'ariij. ltK»2. 
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that a fish-shaped kite, called a ''May carp/' is hoisted on the 
tops of the houses on May 5th» if the father of the f amily has been 
blessed with a son during the preceding year. This takes place 
during the observance of theMay festival, which was foundedabout 
500 A.D. Guriously enough, a very similar device has been invented 




Fig. 69.— Hargrave kite. 

by Mr. Patrick Y. Alexander during the last few years, and is called 
by him an aerosack. It may be described as consisting of a pillow- 
case, into the mouth of which a hoop has been inserted. If it is 
hoisted on a stick and kept with its mouth towards the wind, it 
behaves in exactly the same way as the Japanese carp. 

The ordinary kite must 
have been well known at 
the time when Benjamin 
Franklin applied them for 
electrical purposes. He 
had proved that long 
insulated metal rods were 
able to collect electricity 

from the atmosphere, and proposed to conduct it f rom the clouds to 
earth. Inl752heconstructed kites, such as were used by childreu; 
he covered them with silk and added a metal poiut at the top. 
About the same time Bomas did likewise. The metal tip was 
connected in one way or another with an insulated conductor, from 





Fio. 70. — Other shapcs of Hargrave kites. 
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which it was possible to extract sparks 10 ft. long. Many scientific 
men foUowed in bis footsteps, and applied his methods to tbe 
study of atmospberic electricity, and in Philadelphia a club was 
founded for the purpose, called '' The Franklin Kite Clob." 

The first scientifie investigation into the problem of the kite 
was published by the celebrated mathematician Euler in 1756 ; 
and lately the American meterologist Boteh, director of the 
Blue Hill Observatory at Boston, has made further publications 
on tbe subject, with the help of his assistant, Marvin. Thepart 
which is played by kites in meteorology at the present day will 
be discussed in a later chapter, and they are also usefully applied 
for military purposes in a variety of ways. It has been thought 




Fifj. 71. — Various forms of kites. 

tbat it might be possible to use it as a Substitute for the captive 
balloon in windy weather, and if this should be possible, it might 
displace it altogether. Kites would be farcheaper, andhave the 
fiirlher advuntage of being independent of gas generators and of 
the nature of the country in which tbe ascent is made. They 
are also used by tbe military for the transmission of Signals, and 
for Photographie purposes. The progiess tbat has been made 
has beeil largely due to tbe fact tbat there has been little 
diüiculty in raising funds, and successful experiments have been 
earried out by l^otcb, Marvin, Fergusson, Clayton, Eddy, and Wise. 
Froni tbe modern point of view tbere are three main forms of 
kite ; lirstly, tiie Malay kite, as improved by Eddy ; secondly, 
tbe riargrave kite, wbicb appears in all sorts of shapes ; and 
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thirdly, the keel-kite, invented by Clayton. The first two types 
are fairly well known, but the keel-kite is not in the same 
Position, and therefore requires to be more fully described. A 
framework, built up out of wood and phosphor bronze wire, is 
covered by cambric and used as a keel. It is mounted on a 
piece of pine wood, and the rest of the kite is constructed m 
the usual way. The only diflference lies in the possibility 
of slightly altering the angle of inclination of the sails. By 
means of a spring, it is possible to lessen the inclination 
of the exposed surfaces to the wind, so that it flies along more 




Fig. 72.— Cody's kite. 

easily ander a diminished pressure. This is a real improve- 
ment. On the one band, the vertical position of the kite is 
more stable, and on the other, a serious accident is rendered 
more improbable. 

In mounting to great heights it is necessary to use a light 
kite. In consequence, it is not likely to be very strong. It has 
often happened that a kite of this kind has been destroyed by 
the wind, which may be blowing strongly at a great height with- 
out being very noticeable at the ground level. This is a common 
occurrence in meterological werk. As it is not possible to reach 
great heights with one kite, it is usual to put several on the same 
cord, one behind the other, and sometimes as many as nine are 
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joined together in this \\'ay. A kite of this kind is quite able to 
Support the weigbt of the rope and recording instruments. 

The Americans have applied them to many military purposes, 
and Lieutenant AVise has carried out a great deal of work with 
this object in view. It is particulavly well adapted for signalling. 




An aljHolutely cahn (l;iy or ni«];lit is a very rare oecurrence ; and 
it is nearly jihvays possible to send up astringof kites toa height 
of a ffw liuinlu'd feet. SiV'ualling can tlierofore easily be carried 
oiit, iiliiur ])y lioisting tia^^s in the daytimo, or lights at nij;lit. 
AVilli vt'gard to li^'lits, tho sinipU'.^t ]>laii is to uso dillerentcolours, 
and to Vary tlifir j)ositi(»n ^vitll rej^'anJ to one another. Beuf^al 
lights of ditlerrnt colours could also he useil tocr)nvey intelligeuee. 




BS the best thing in thiß respect is the electric light, wbicIiA 
"cftn he awitched od and off from below- If electric Ughts are 
firraoged, one above the other in separate compartments, and 
ghaded by glasges of differeiit colours, a me^eage can be eignalled« 
The Morse code could alwajs be used by ehowing the lights for 
longer and shorter intervals. Tests have shown that the elecfcriß 
light is clearly vtsible over a distance of 12 miles, so that Biguals^ 
of Ihis type would be useful over that ränge. | 

Attetnpts have been made in Amerlea as well as in England 
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Fia. 75.— Signal Ihi^' by mCHiis of 
llghu$ fmtn a kite. 
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und Bussia to hoist an observer in a kite, The first load was a 
dummy of eintahle weigbt^ and on January 27th, 1897, ^t^M 
American officer went up. The velocity of the wind was 23 ft. 
per second, Four Hargrave kifcea were used, of differeut si^eö. 
The top one had a Burface of 20 sq» ft., the next of B9 sq. tfc-j the 
ext of 8G äq. ft., and the lowesL of 155 sq. IL The total area 
ÄS aboüt 300 sq, ft, To the lowcat kite a very primitive seat 
as attached, made of hamboo rods, The kites weighed 58 Ibs., 
ths cord 20 Ibs.^ and the passenger 148 Ibs. Oo this occasion 
Lieutenant Wise rose to a height of 50 iL, and eould see oYerthe 
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tops of the liouses. He thougbt he could have risen still higher, 
but conleDted himself )^'ith this as a first aitempt. 

Millet has proposed au arrangement by which ihe basket for 
the passenger is fastened to a single kite of curious design. The 
advantage of bis scheme lies in the possibility of Converting the 
apparatus into a parachute, in case the rope should break or be 
shot away. For this parpose it would be necessary to close 
down the sails at the side» and so createan enclosed space capable 

of compressing the air in its 
fall. The driver is also able to 
regulato the height of ascent. 
The basket is hung from a pulley 
and can be drawn up by ropes so 
as to come nearer to the kite. 
In this way the positiou of the 
centre of gravity would be 
changed, and the inclination of 
the sails to the wind would be 
correspondingly altered. The 
reaction due to the wind would 
tlieretore change, and would 
tend to produce a rise or fall, 
according to the circumstances. 
Similar kites have been iu- 
vented by Major Baden Powell, 
Lieutenant Ulljaniu, and Cap- 
tain Bolscheflf. In August, 1825, 
a man, nained Pocock, is said to have driven three passengers 
from Bristol to London in a carriage drawn by two kites. The 
main onc was made of niußlin covered with paper ; it was 20 ft. 
long, and rose to a height of 1()0 feet. Above this was a smallei 
kite tliat could be so steered as to help the other to surmount 
trees and obslacles. "With a favouring wind, Pocock was often 
able to Cover twenty niiles in an hour, and to beat all othei 
veliicles tliat cnmj.eted a^ainst liim. 

Much interei-t was taken in the Performances of Gody, otber 
wise kno\>n as Butlalo ]>ill. Ho had a light folding boat, 13 ft. 




V\r,. 7«), Lii'iittnaiit Wise making 
»11 aM'cnt in a kite. 
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long, and 3 £1;. broad, which was covered with cambric, and had 
a Space in the middle to accommodate the passengers. A kite, 
flying at the height of 660 ft. was fastened to the top of the 
mast, and pulled the boat along. On November 6th, 1903, he 
succeeded in crossing from Galais to Dover in 13 hoars. A 
rowing boat accompanied him, with a crew of five men, but the 
pace was too great for it to keep up with him. 




Fig. 77. — Millet'8 kite carryiiig obaervers. 

Kites have often been proposed for the purpose of saving life at 
sea. They have been used for the purpose of throwing lines on 
board a wreck, or from the ship to the land, and many cases are 
on record where they have served a useful purpose in such 
emergencies. It may also play its part in Polar expeditions. 
Quite apart from its ose for meteorological observations, itmight 
l>e used to drag sledges, and so take the place of dogs. There 
are few things capable of such varied application as the kite. It 
may assume almost any shape, and every fresh enthuHiast seems 
to evolve something new in the way of desigii. 



CHAPTER XL 

PARACHUTES. 

Tue first mention of parachutes is to be foand in the 
writings of Leonardo da Vinci, and Fauste Yeranzio aeeiiiB 
to have risked bis life at tbe work. Joseph Montgolfier also 
made similar experiments at Annonay before turning his atten- 
tion to the balloon. Sebastian Lenormand made a descent from 
a tree in a parachute in 1783 ; bat his later experimentB wäre 
coniined to dropping animals, which were placed in a basket 
attached to the parachute. Blanchard took up the matter pro- 
fessionally, and made a good deal of money by inviting the 
public to witness his Performances. Garnerin was taken np by 
a balloon on October 22nd, 1797, and after the supporting rope 
was cut, he feil 8,000 ft. to the ground. In 1886, Cocking used 
an inverted form of parachute. He was taken up by Green in a 
balloon to a heiglit of 3,000 ft. and then cut adrift. The frame- 
work of the parachute collapsed under the pressure of the air, 
and Cocking was killed on the spot. 

For balloon work, parachutes are of no use ; they are merely 
suitable for country shows. Balloonists are often asked whether 
they take parachutes with them in case of unforeseen disaster. 
The fact is that any such precaution is unnecessary. Suppose 
a balloon were to lose its gas suddenly. It would fall at the rate 
of about 20 ft. per second, because the balloon itself woold 
behave after the nianner of a parachute, and if the velocity 
shüuld rise to 30 ft. per second, as happens occasionally in 
stormy weather, this is due to the fact that a down ward wind 
helps to increase the speed. 

Trofessor Koeppen has collected some figures from which he 
concludes that too low an estiniate has generally been put on 
th(i tinie occupied in falling. liobertson is said to have fallen 
10,000 ft. in 35 minutes, which is at the rate of 4 ft. 9 in. per 




lecond. Frau Pc^itevin feil 6,000 feet in 45 minutes; her 
insband took her up in a balloon, and when ehe reaelied tha 
jund, he was lu the act of packing it up. Dr. Bhuiler has 
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thät with pressnres on the stirfacü of the parachtite of 
}% 0*4. 0*8, 1-6 aud 3':2 Ibs. per sq. ft. reypectively, the 
SOrrespondingly final velocities will be 7*87, 11*5, 16'4, 22' 6, and 
12*8 feet per second. It is very important to provide a small 
»pening at the top of the parachute, so that Um compressed air 
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hfts sonie cliance of escapiDg. Otherwise a vibratorj motion, 
like that of a pendulum, may be set up, aiid in an extreme case, 
tbe paraclmte may be turneil over. Poitevin^s |>arachute had a 








Ku;. SU.— P'räuleiii Käthe Paulos with 
her double parachute. 



dianieter of 40 ft., with an opeiiing 6 ins. acrosa at the top; its 
weigbt was CG Ihs. 

Tlie latest iu)velty i> a double parachiite, iiivented by the 
balloniiist Laltfinanii, und used on her many descents by 
Frimleiii Kallii^ l'aulus. Tiiry fiiv rnlled iip, the one under the 
üthcr, iind hiinj^r fluni ilu? Ijalloon. Tlie ui)per one opens as soon 
as ihe spriii<^' lias ])Oon iiiadc. and the lower one comes into 
oi)eraiion as sotni as the niotion becoines steady. If a double 
parachule irf ustd. ii is nueessarv to make the descent from a 
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«▼reat height. Früulein Paulus has made sixty-five descents in 
the parachute without serious injury ; but it must bc admitted 
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VUi. 81. — Fall üf a paniclnitc. 

that the jouraey has not always bcen a vcry sniooth one. A 
certain amount of grim determination in necessary for this kind 
of work, and the profession is never likely to be overcrowded. 
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was received by a member of the National Assembly. To him 

the idea of a military balloon appeared so ridiculous that he 

Üireatened to shoot Goutelle. General Jourdan, on the other 

band, was much Struck by the plan, and instructed Goutelle to 

retum to Paris and procure the necessary materials. The Castle 

at Meudon, which served as barracks for a division of artillery, 

was utilised as the first regulär balloon factory. Great skill was 

shown over the work, and the requirements of a military balloon 

were very carefuUy considered. The size was calculated on the 

assumption that it was to carry two passengers. A very light 

material was used for the envelope, and it was made airtight by 

a special kind of linseed 

oil varnish. This varnish 

tnmed out to be excellent, 

and it is therefore a mis- 

fortune that the mode of 

its preparation should be 

one of the lost arts. 

In a few months 
Coutelle was able to invite 
the committee to iuspect 
the first war balloon ever 
made. It was held cap- 
tive by two ropes. Com- 
munication with the ground was by means of a speaking-tube, 
er by flag signals. A long message was written on paper and 
then sent do^-n in a small sand-bag, along one of the ropes. 
It is curious that drawings are nowadays seut to the ground 
in the same way, the only diflference being that small bags are 
ased to which lead plates are attached; they are allowed to 
slide down the telephone cable, because the connecting rope is 
too far from the basket. The committee was so well satistied 
with the Performance of " L'Entreprenant," as the balloon was 
called, that Coutelle was appointed a captain, with instructions 
to form a balloon corps. At the same time lie received the title 
of Director of the Aerostatic Experimental Station, with Contü 
for his assistant. The first balloon company on reeord came into 

A. K 




Fig. 82. — Methode of transporting a captive 
balloon. On the left is shown a ni(?aiis of 
protecting the balloon from the wind. 
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existence on April 2nd, 1794, and consisted of a captain, a 
lieutenant, a sub-lieutenant, a sergeant-major, 4 non-coni- 
missioned officers, and 26 men, including a drummer-boy. The 
uniform consisted of a blue coat with black coUar and facings, 
finished oflf with red braid. Their buttons bore the inscription 
" Aerostiers." A special uniform of blue colour was provided as 
a working costume, and they were armed with swords and 
pistols. The lieutenant, named Delaunay, was a builder by trade, 
and tumed out to be a very useful and practical man. Within 




Vui. 83. — Lamling of a balloon in the strccts of Strassburg. 

a week of the formation of the Company they marched against 
the Austrians at Mau])euge, unaccompanied by their balloon, and 
came oflf with flying colours. Coutelle reported that bis men 
were looked upon with contempt by the rest of the army, because 
they were mere artizans, and nobody understood in the least the 
nature of their work. He therefore begged the commanding 
oflBcer to allow bis men to have some opportunity of distinguish- 
ing themselves. The result was that the sub-lieutenant was soon 
killed, and two of the men grievously wounded, but their bravery 
was now established beyond all dispute. The balloon soon arrived, 
and was filled with the gas f rom an oven that had been got ready 
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in the meantime. The construction of the furnace will be 
described later. 

Coutelle undertook the first aseent in Company with an officer 
aiuid the booming of cannon and the applause of the soldiers. 
They were able to report at once as to the movements of the 
enemy, with the result that an officer of the general staff was 
ordered to make an aseent with Coutelle twice daily, and General 
Jourdan himself made several trips in the car. The Austrians 
objected strongly to this method of waging war. Not only were 
their plans known to the enemy, but their whole army had a 
superstitious dread of tlie new methods. Orders were therefore 
given that two 17-lb. howitzers were to open fire on it. This 
was done on June 13th, and for the first time in history cannons 
were directed against the aerial battleship. Coutelle greeted 
their eflforts with the shoutof " Vive la republique''; Imt noticin^j; 
that their artillerymen were making good practice, he cautiously 
withdrew to a higher level out of ränge. 

Still it could be hardly said that the firing was wholly 
ineffective. It greatly annoyed the men who held the ropes of 
the captive balloon, and also did more material damage. Jourdan 
therefore sent for an experienced gunner from Lille, who declared 
that he would soon silence the fire of the enemy. However, the 
Austrians knew nothing of the moral effect produced by their 
gans, and thinking that they w^ere producing no result, withdrew 
them in another direction. But the balloon did not altogether 
escape injury. It was blown by a streng wind against the church 
tower of Maubeuge, and somewhat damaged. Moreover the gas- 
Oven was out of order, owing to damage to some of tlie retorts. 

On June 18th Coutelle received Orders from General Jourdan 
to join the army at Charleroi. In order to avoid loss of time in 
packing the balloon and building a new gas generator at Charleroi, 
he determined to send the balloon up in the air and have it towed 
over the distance of twenty miles, which separated him from bis 
desfcination. Twenty guide-ropes were fastened to the balloon, 
halfway down the net ; all the instruments were put in the car 
together with the signalling flags. Coutelle then mouuted the 
car, and the march began on a dark night through the outposts 

K 2 
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nt II place calkd Gosselm. This fornied themiddle of the French 
pOBition» and an important batlle was impending. On June 26th 
leral Morelot went iip in the balloon with Capfcain Coutelle 
äfore the beginuing of the battle ; they rose to a height of 
1,300 iL, and in conseqnence of the clearness of the atmosphere 
'' were able to rei»ort to General Jourdan as to all the move-J 
lents of the enemy, Tlie Aiistrians tried to dislodge the observers 
heavy tiring; but they failed, althongh one or two shots 
passed between the car and the envelope of the balloon. In the^ 
tternoon they were ordered to attaeh theraselves to the right 



hin, 6ki. — Hülpijjg lo laut] n balliXJti. 

ing of fcha army, and to lead the way by meana ol signala. Tfte 
ittle was finally won, aud the generals expressed themselves aa 
laroiighly eatißfied with the work of the baüoonists, to whose 
Ibrts the result of the day was largely due. 
The AustrianB, on the other band, were much disconcerted h} 
^^tbe iiow metbods, and recognked that the balloon was an insidiotiii^ 
llorm of attack. They therefore announced that all balloonists^ 
who ftill into their bände, would be treated as spies. And after 
lie battle of Fleurus they feil upon evil times, Coutelle marched 
the army agaiiist Liege, but after reachiog Namur, he was ^ 
2fed to fall back on Mau beuge, A gvist of wind had daahed " 
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execute the repairs with the means at disposal. Coutelle there- 
fore returned to Meudon, where he made a new cylindrical 
balloon, called the *' Celeste/' It was immediately put to the 
test at Lüttich, but turned out to be very unstable in a light 
breeze. It was therefore unsuitable for observations, and the cid 
balloon, which had in the meantime been repaired, was once more 
brought into the field. It was put in a boat, taken across the 
Maas, and sent along the road to Brüssels. 

Fate then overtook it a seeond tinie, before the gates of the 
town, where it was much damaged through being driven by the 
wind against a pole. Tlie repairs tliat were carried out in 
Brüssels were unsatisfactory ; it had therefore to be sent to 
Meudon, and the balloonists were left without employment for 
many months at Aix-la-Chappelle. The time was not, however 
entirely lost, for improvements were made in methods of housing 
the balloon, and a kmd of tent was built to shelter it from the 
force of the wind. 

In March, 1795, Coutelle was recalled to Paris, in order 

'•arry out the formaiion of a seeond balloon corps in 

ce with the decree of the National Convention of 

•d, 1794. In addition to this, an ** Ecole nationale 

g[ue '' was formed in consequence of the successes already 

ad in actual warfare, and Conte, who was Coutelle's assis- 

,vas placed in charge of it. The school was intended for 

.struetion of officers and men in the art of ballooning, and 

was also proposed that it should undertake investigations 

into any suggested novelties. Conte set about bis work with 

great zeal, and an eflScient factory was soon organised, where six 

balloons were built. Two were sent to each of the existing corps, 

ne was despatched to Italy, and the other was kept at Meudon 

or purposes of instruction. 

Trustworthy reports show that the material used for construc- 
tion was as good as that in use nowadays. A balloon intended 
to carry two persons to a height of 1,600 ft. had an envelope 
weighing between 180 and 200 Ujs. The covering was made tight 
with five coats of varnish, and held[so^well that it was possible 
to use the same balloon for ascents, even after it had been filled 
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for two monthä, The men were trainetl to the work of holding 
the ballooti and puUmg it io, aud thd ecliool soon had a Bub- 
director, a storekeeper, a clerk, and GO men in training, Th© 
IiUter wer© divuled iiito three divisions, each ot wbiuh consisted 
of tweoty men. One divlsioQ was BUÖicieut lor holding a balloon i 
eiicb mau bad bis own special rop© to hold, wbicb was fastened 
Uj Ibe niain rope, Uio same method being still emplojed at tbe 



I 





Fiel. m.~A b»ll-ü0ii abcJüt to \an± 

present day. As the balloon was pulled down, tbe rope waf? 
wound round a drum. 

Conte also paid attention to improvement of tbe signalUng 
arrangementä. He ititroduced a System by wlüdi eylinders, 
made of black calico, strek'hed over ringe, eould be used to 
c^nvej infonimtion* Tbis was done by lianging the eylinders 
at a gr etiler or sm aller distance from tho car, hut this method 
was not very serviceable^ as ihe wind waa apt to scatter tbe 
C34iuders in all directions witb many entanglements« Tbe gas 
generator \i'as also improved, as the re^ult of experience* 
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The Balloon Corps was quite independent of the scbool. 
Coutelle received the title of " Commandant/' and in virtae of 
his Office commanded both companies. Each Company had a 
captain, two lieutenants, one lieatenant acting as quartermaster, 
one sergeant-major, one sergeant, three corporals, one drammer, 
and forty-four balloonists. The second Company was sent with 
the repaired ** Entreprenant " to join the army on the Bhine. 
It was placed under the command of General Lefevre, who 
besieged the town of Mayence for eleven months, and recon- 
naissances by balloon were made daily tili towards the end of 
the year. The aeronauts showed great skill on these occasions, 
which eventually received recognition even from an enemy who 
had declared that they would be treated as spies. On one 
occasion the Austrian generals sent word to the enemy to the 
effect that their observer was being sadly bumped by the heavy 
wind, and they thought it would only be reasonable to consult 
his feelings by pulling him in. Bat perhaps the advice was not 
altogether disinterested. Coutelle further states that he was 
sent under a Hag of truce to the Commander of the fortress, and 
that he was allowed to examine the fortifications as soon as it 
was uuderstood that he was Commander of the Balloon Corps. 
But the continual exposure did its work, and Coutelle had to be 
invalided home after recovering from typhus. 

With the loss of its leader came also the loss of good luck for 
the balloon. In the spring the "Entreprenant** was on duty 
before Mannheim, when it was badly injured by the fire of 
the enemy. It was sent to Molsheim to be repaired, and then 
foUowed the army through Rastatt, Stuttgart, Donauwörth and 
Augsburg, being hauled about from place to place while füll of 
gas. Finally the return journey was begun, and the balloon 
was packed up and sent to Molsheim. Morelot's successor, 
General Hoche, took no interest in the balloon, and left it 
behind at Strassburg. He also sent a letter to von Wetzlar, the 
Minister of War, on August 30th, 1797, to the following eflfect : — 

*' CiTOYEN MiNisTRE, — I beg to inform you that the army on 
the Sambre and Meuse has a Company of balloonists, for which 
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it can find no use ; perhaps it would be better to let it join the 
seventeenth military division, where it would be nearer the 
capital, and so in a better position to do useful work. I there- 
fore ask permission to be allowed to dispose of the Services of this 
Corps in the manner suggested. 

"L. HOCHE." 

No notice appears to have been taken of this letter, and the 
Corps therefore remained at Molsheim. 

It is now necessary to describe the fortunes of the first corps, 
which had joined the army on the Sambre and Meuse, and had 
the balloons ** L'Hercule '* and ** L'Intr^pide ** under the 
command of Captain 
THomond. There was 
mach work to be done. 
They were used at the 
Sieges of Worms, Mann- 
heim, andEhrenbreitstein. 
After the defeat at Würz- 
burg the Corps retired 
within the fortress, and 
was imprisoned after it 
had surrendered to the 
enemy. At the end of the 
campaign they withdrew to Meudon, where the corps was enlarged 
and fitted out afresh. Conto persuaded Napoleon to use the 
Company on bis expedition to Egypt. But the first detachment 
had the misfortune to encounter a British man-of-war, and was 
duly sent to the bottom; the second was similarly captured. 
No feats of valour were therefore performed on the plains of 
Egypt, Cont6 was, however, appoiuted to the general staff, 
where bis sound sense and technical ability were niuch appre- 
ciated. On the occasion of a fete given by Napoleon at Cairo 
the balloonists sent up a Montgolfihc, 50 ft. in diameter, and 
adorned with.the " tricolore." This was supposed to be likely to 
instil a feeling of dread in the native mind, bufc it was largely 
without effect. 

On hi8 return in 1798 Napoleon closed the ballooning school, 
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Fig. 87. — Kite-ballüon at anchor. 
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and 011 January 18th, 1799, be disbanded tbe two companies. 
The balloons and their appurtenances were sold, with the 
exception of some things that were sent to Metz for storage. It 
))as been already mentioned that Napoleon ceased to take any 
practical interest in ballooning alter the day on which a balloon, 
8ent up in liis honour, was said to have fallen on tbe tomb of 
Nero. Forty years were to elapse before the Balloon Corps was 
revived. In 1812 a plan was mooted in ßussia to use the balloon 
for military purposes. A German mechanic, named Leppig, 
proposed to tbe Russian Government that be sbould be allowed 
to construct a dirigible balloon. It was to carry fifty soldiers 
and a quantily of explosives, wbich were to be conveniently 
dropped on the heads of the enemy. It was int^nded to carry 
on the work with the greatest secrecy, and to place the factory 
in the village of Woronzowo, near St. Petersburg, which was to 
be isolated from the rest of the world by a kind of blockade, 
organised by IGO foot soldiers and 12 dragoons. Eventually 
two small balloons were got ready, each carrying two men; it 
tüok six (lays to iill them instead of six hours, as the inventor 
had promistMl. The trials failed miserably, and the inventor 
was cast into prison. Thiis ended an experiment, which had 
cost 1*10,000, aiiil no further work on ballooning was done in 
Itiissia tili the year 1870. 

In 1815 Ciirnot eaüsed observations tobe made from a balloon 
during the hiege of Antwerp, but nothing is known as to the 
results. During the campaign in Algiers a private balloonist, 
named Margat, was engaged to follow the army, but his balloon 
was never put on shore. In 1848 the insurgents in Milan 
devised a uew use for pilot balloons, which they placarded with 
a proclamation of the Provisional Government, and in the 
Franco-Prussian war the French dropped a number of pro- 
clamations on the heads of the Prussian soldiers by the same 
nieans. During tlie siege of Venice the Austrians, in 1849, 
loaded small balloons with bonibs, which were to be fired by a 
tinie-fuse and fall on tlio heads of the enemy. These balloons 
were naturally sent up without passengers, and it was expected 
tluit the wind would carry them in the desired direction. But 
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this it failed to do, with the result that the bombs were discharged 
in their own ranks. Experiments on these lines were therefore 
discontinued tili 1854, when a similar attempt was made in the 
arsenal at Yincennes with negative results. 

In 1859 Napoleon III. procured a large silk Montgolßere from 
Italy, holding 28,500 cubic feet. It was handed over to a man 
named Nadar, who had done much Photographie work from a 
balloon, and he made an ascent at Castiglione, aceompanied by 
Godard, the balloon manufaeturer. But they failed to accomplish 
anything noteworthy, and the same result attended their eflforts 
on another hydrogen balloon, specially sent from Milan. 

Balloons were, however, largely employed during the American 
Civil War, when Professor Lowe, of Washington, went to the 
seat of war, and placed hiraself under the Orders of General 
MacClellan. A man named La Mountain went up in one of the 
balloons, and drifted away in the directiou of the enemy's camp. 
After making his observations, he rose higher in the air, and 
found a current which brought him back again. An aeronaut, 
named Allan, went up in the other balloon, and reported 
telegraphically to headquarters. Lowe also sent telegrams direct 
to W'ashington by making connection with the overhead wires, 
and the artillery also received signals from the balloon. Low^e 
was able to give them useful Information as to the position of 
the enemy's batteries, and also as to the eflfect produced by their 
own firing. Streng winds often prevented ascents, and some- 
times it was not possible to reach a sufficient height to see all 
that was wanted. Still, MacClellan was well satisfied with the 
reäsults, and requested the War Office to despatch four more 
balloons. On the retreat from Bichmond to the James Biver 
the General lost all his baggage, together with the balloons and 
gas-generators. The balloonists* occupation was therefore gone. 

In England similar work was done in utilising the balloon for 
Bcouting purposes. Much was done at Aldershot, but no special 
Corps was formed at that time. 

In 1866 balloons were used in the war between Brazil and 
Paraguay. General Caxias sent up a balloon to reconnoitre on 
the road leading through the marshes of Neembucu ; it was under 
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the guidance of a French aeronaut, bat was accidentally bornt. 
It has generali; been assamed that fires and oiher mysterioos 
forma of explosion mast be caased by flames Coming in contact 
with the main envelope. Bat it has lately been found that this 
was not always the case, and forther investigation seemed 
necessary. It now appears that electricity is the most probable 
caase of these disasters. A balloon descending from a height is 
charged with electricity, which may be discharged throogh the 
iron parts aroimd the valve. The spark which fpUows may 
set fire to the explosive mixture which woald collect near the 
valve, and in this way many accidents of a mysterioas nature 
may very possibly be explained. Soon after the above incident, 
Caxias discharged the French aeronaat, as it was said that he 
was in the pay of the enemy. An American balloonist from Bio 
de Janeiro was therefore pressed into the Service, and several 
balloons were placed at bis disposal. Information of a aseful 
nature was soon received, and a practicable path through the 
marshes was then found. But General Caxias found the balloons, 
and more especially the gas-generators, very awkward in active 
campaigning, and soon dispensed with their Services. 

In France attempts were made in 1868 and 1869 to use 
balloons for signalling purposes at some of the naval stations. 
At Cherbourg small cylinders were hung from the balloon as 
Signals, and at night projeetors were used. But the resultswere 
rather unsatisfactory in windy weather. Lights were used to 
Signal from balloons during the siege of Paris, and according to 
report the method gave satisfactory results. 



CHAPTER XIIL 

BiliLOONINO IN THE FRANCO-PRUSSIAN WAR. 

The English balloonist Coxwell was entrusted by the Germans 
with the formation of two balloon detachments with all the 
necessary tackle. Colonel Josten and a lieutenant commanded 
the two companies, each consisting of 20 men, and Coxwell sup- 
plied two balloons, having capacities of 40,000 and 23,500 cubic 
feet respectively. They were put to work in the neighbourhood 
of Cologne, and did well, exeept in rough weather, when it was 
evident that 40 men were insufficient to hold them. It was 
therefore determined to form the men into one Company, and to 
send them to the front at Strassburg with the smaller balloon. 
It was filled with ordinary coal gas, and one of the officers pro- 
ceeded to make reconnoitring expeditions up to a height of 
1,200 ft. Orders were then received to forward the balloon to 
Suffelweiersheim. In consequence of the strong wind, it was 
necessary to empty the balloon after it had travelled a few miles, 
and the problem of refiUing it then arose. This was by no 
means an easy task in the neighbourhood of Strassburg, and the 
necessary barreis were not to be found without great trouble 
But after four days' search in the enemy's country Lieutenant 
Josten succeeded in getting together 75 wine-casks of different 
sizes. Of these, 60 were used for generating hydrogen from 
Bulphuric acid and zinc, 12 served for washing the gas free from 
impurities, and the remaining three for drying the gas. The 
balloon was filled on September 24th in five hours, and in the 
afternoon an ascent was made by the two officers, who were 
later joined by an amateur frora Cologne, named Dr. Mehler. 
The wind was too strong to allow of very exact work, and the 
balloon was consequ^ently secured by a grapnel. Although every 
poBsible precaution was taken to shelter it from the force of the 
wind, it was nevertheless much damaged, all the gas escaping. 
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Before it was refilled Strassbarg had capitalated, and Orders 
were received to move forward to Paris. 

The march to Paris was a laborious Operation. All available 
vans were placed at tbe disposal of the commissariat department, 
and so none were left for the balloonists. As soon as they 
arrived in the neighbourhood of Paris it was found to be 
impossible to refill the balloon, and the Company was there- 
fore disbanded on October lOth, 1870, the balloon being sent 
back to Germany. 




Fig. SX. — Steam winch for puUing iu a capti?e ballooo. 
(From *• Die Geücliichte der Luftschiffer- Abteilang.") 

The French also found them to be of doubtful value. At the 
beginning of the war all proposals to employ aeronauts were 
refused by Lebanif, the Minister of War. Even the oflfers of 
assistance from the celebrated scientific balloonist, Wilfrid de 
Fonvielle, were rejected, and it was not tili after the fall of 
Sedan and the old regime that the experience of the beginning 
of the Century was turned to account. During the battle of 
Valenton, on September 17th, 1870, four balloons were sent up. 
Several captive balloons were used in Paris, but they did little 
good, owing to the winter fogs. On oneoccasion useful informa- 
tion'[with regard to some trenching work done by the Germans at 
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Pierrefitte was received. But on the whole the results were 
negative, and the military authorities sold their balloons to the 
Post Office. 

Paris was soon completely surrounded, and it became a matter 
of neeessity to organise means of communication with the Pro- 
visional Government at Tours, and with the troops in the pro- 
vinces. A postal Service by balloon was therefore arranged by 
Rampont, who was at the head of the Post Office. Balloon 
Workshops were constructed under the control of Eugene and 
Julius Godard at the Orleans Railway Station in Paris ; another 
was similarly organised at the Northern Station by Yon and 
Camille Dartois. The balloons were to have a capacity of 
70,000 cubic feet, to be made of the best varnished cambric, 
to be provided with a net of tarred rope, and a car capable of 
seating four persons. All accessories were to be provided by the 
contractors in the shape of grapnel, valves, bailast, etc., the 
whole to be handed over ready for actual work. They were to 
be delivered on appointed dates, and a penalty of i.'2 a day was 
to be paid for any delay beyond the fixed time. Each balloon 
was to cost j£160, which was afterwards reduced to £140 ; the 
driver was to be provided by the contractor for a payment of 
jei2, and this was subsequently reduced to £S, Gas was to be 
eharged as an extra, and payment was due as soon as the balloon 
was out of sight. Godard's balloons were coloured blue and 
yellow, or red and yellow ; those ot the rival contractor were 
white. Drivers were found in the shape of marines ; but the cars 
for their accommodation were of the most primitive kind, sup- 
ported by iron carriers. The working of the valves and instru- 
ments was explained to them, and they were also instructed in 
the art of emptying bailast and throwing out the grapnel. 
Altogether 66 balloons left Paris. They contained in all ()6 
aeronauts, 102 passengers, 409 carrier pigeons, 9 tons of letters 
and telegrams, as well as 6 dogs. Five of the dogs were sent on 
the return journey to Paris, but nothing more was heard of 
them. Fifty-seven carrier pigeons were all that reached tbe 
besieged city, and they carried 100,000 messages. Fifty-nine 
balloons did their work as arranged, five feil into the hands of 
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the enemy» and twodisappeared altogether, haying most probably 
fallen into the sea. 

Some of the voyages deserve special mention. On Septem- 
ber 80th Gaston Tissandier threw down lOyOOO oopies of a 
proelamation, addressed to the Crerman soldiers« It contained 
a demand for peace, stating at the same time that France was 
prepared to fight to the bitter end. Gambetta left PariB on 
Oetober 7th, with the intention of organising a fresh army in 
the provinces, and intended to march to the relief of Paris. 
The balloon ^vas unskilfully managed, and came to the earth 
close to the German oatposts. At first it was supposed to be a 
German ))alIoon, seeing that it was known that one was expected 
to arrive from Strassburg. This delay allowed them to throw 
out some ballast. Tiiey ihen managed to escape, bat not before 
Gambetta had been wounded in the hand. 

On Deccmber 2nd, 1870, the celebrated astronomer Jansen 
left Paris in the balloon ** Volta," taking bis instromenis with 
liim. Ile was anxious to reach Algiers before December 22nd, 
in Order to observe an eclipse of the sun. The English had 
offered to eiuleiivour to ^et him a permit to pass through the 
German lines, biit this he had refused. The quiekest and 
longest journey wiis made by the "Ville d'Orleans" on 
November 21th. It left at 11.45 p.m., and reached Eongeberg 
in the province of Telemarken in Norway the next day at 1 p.m. 
On December 15th ** La Ville de Paris" landed at Wetzlar in 
Nassau, and the ** General Chanzy " on December 20th at 
Bothenbiirg in Bavaria. The remains of the latter balloon are 
now in the Army Museum at Munieh. Naturally these sorties 
were not at all to the taste of the Germans, and Krupp was 
ordered to make a cannon suitable for bringing the balloons to 
earth. It was to be capable of being tilted almost into a vertical 
Position, and to have a special gun-carriage fitted to it. But it 
was not a success and was soon relegated to the Zeughaus in 
Berlin. The outposts, however, were constantly on thelook-out, 
and the result of their iiring was to drive the French to start 
their balloons by night. 

The German artillery knew the diameter of these balloons to 
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be 50 ft-, and were therefore able to teil the tlistaQce approxi- 
mately. In this counectiou it may be well to explaiii the 
prineiples oq which aim is taken at balloons. The difficuUy in 
hilting a captive balloon m not great ; it consiBts lu determining 
the diötance and the ränge of the gun, The distance can be 
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i estimated if the size is known. In thaC casa it miist be examined 
I tbrough a teleBcope provided with spider lines, and the angle 
at whieh a non-spherical balloon would be Htandmg muiiit 
be taken into aeeount* BW iDBtancej a French Bphencal 
balloon has a capacitj of 19,000 cubic feet^ and a diauieter 
of 3B fL With the telegcopej its apparent size would be 
measured in sixtaentihs, and with the aid of a table (wbich, 
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by the way» is very easily remembered), it is possible to 
estimate the distanee. The table is as foUows, and gives 
the distances corresponding to known diameters, on the 
supposition that they subtend one-sixteenth on the spider lines 
of the telescope: — 

A diameter of 8*8 yards corresponds to a distanee of 8,000 
yards. 

A diameter of 4*4 yards corresponds to a distanee of 4,000 
yards. 

A diameter of 5*5 yards corresponds to a distanee of 5,000 
yards. 

A diameter of 6*6 yards corresponds to a distanee of 6,000 
yards. 

A diameter of 11 yards corresponds to a distanee of 10,000 
yards. 

Wherefore, if the French balloon measures one-sixteenth on 
the spider lines, its distanee would be about 10,000 yards. It is 
merely necessary to compare the apparent with the known 
diameter to get the distanee of the balloon. 

Another vory simple method is to take observations of the 
balloon from two points at known distances apart. If the results 
are graphically transferred to paper the distanee can be measured 
off. Experienee shows that this method is very simply applied, 
and gives results of value both for field batteries and for heavier 
guns. 

Still it must be admitted that observations of this kind reqoire 
a certain amount of time, and regulations are therefore laid 
down, preseribing a method which is applicable, even if the 
distanee is unknown. Firing is to begin either with shrapnel or 
with Shells at the longest possible ränge, in order to find whether 
the balloon is within ränge of the guns.^ In order to deter* 
mine the precise spot where the shell bursts, a number of 
observers must be sent out, and ränge themselves on either side 
of the path of the projectile. These observers report whether 
the shot appears to have gone to the right or left of the balloon. 

1 '•Mitteilungen über (icgenstünde des Artillerie- und Geniewesens,** Vienna, 
1906. Mditäncochcnblatt, li»Or,, No. 11. 
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The precise position can then be easily fixed, witb the ezception 
of one doabtfal case. This will be 
made clearer by a study of tbe 
diagram. The foUowing cases may 
arise: — 

(1) From the point of view of the 
battery(B), of the left observer (L), 
and of the right (R), the smoke 
hides the balloon (1, 2, 8). The 
Shell has fallen short of the mark, 
and the ränge must be increased, if 
possible. 

(2) The smoke appears to all the 
observers to be in a line with the 
balloon, but partly hidden by it (4, 
5, 6). Then the gun has been set for 
too long a ränge, and the shell has 
fallen behind the balloon. 

(3) The Shell appears to L to have 
fallen on the right, and to R on the 
left of the balloon (10). Then it has 
fallen short. 

(4) The Shell appears to L to have 
fallen on the left, and to R on the 
right (5, 9). Then the ränge has 
been too long. 

(5) Both observers report that it 
has fallen on the left or on the right. 
This is a doubtful case, and must be 
marked as such. 

In cases (8) and (4), the more the 
shoi appears to one of the observers 
to lie to the one side, the greater is 
its actual distance from the mark. 
The tangent sight must then be put 
in Position, and special attention must be given to the direction of 
the aim. Therefore as soon as it is found that the balloon is 
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Fig. 90.— Sketch illustratin fr the 
inethod of aiuiiug at a balloou. 
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witbin ränge of the gun, the sights must be so set as to con- 
tinaally diminish the ränge, tili it is foand that Buccessive shots 
fall, the one in front and the otber behind tbe balloon. It is thas 
possible to get tbe ränge witbin 100 yds. Gare must also be taken 
to see that the sbells barst above tbe balloon ; otherwise they 
would not prodace any effect. To judge from trials that have 
been earried out in time of peace, it seems likely that a balloon 
would be liit witbin 10 minutes. Still, in dealing with one that is 
moving rapidly, it would not be quite so simple. Bifle fire woald 
probably be harmless to a balloon. Up to a ränge of about 
1,600 yds. a volley might produce some eflfect; but the balloon 
would bardly be likely to be so near the lines of the enemy. 

After this digression, it may be well to describe further the 
events connected with the siege of Paris. The successful 
Organisation of the post naturally drove the professional 
aeronaut to attempt greater feats, by returning to the 
beleaguered city from the outside. Gaston Tissandier therefore 
built a balloon in Tours, having a capacity of 42,500 eubic feet. 
With it he intended to return to Paris when the wind provided a 
suitable opportunity. Before it was ready, he heard that his 
brother liad ruached Nogent-sur-Seine in the " Jean Bart " from 
Paris. Ile imniediately went to meet him, and brought his 
balloon to Cliartres. Unfortunately serious injury was done by 
a violent Storni, and he had much difficulty in preventing it from 
falling into the hands of the Germans. 

Gambetta and Steenacker gave the brothers much assistance. 
Everybody was convinced they would succeed. One man indeed 
went so far as to give the key of his house to Tissandier, asking 
him to be good eiiough to go round and see that everything was 
in Order. But unfortunately they failed. At Le Mans, the wind 
was for a long time from an unfavourable quarter ; when at last 
it seemed suitable, they were not ready to make a Start. They 
finally left Ronen in foggy weather ; but soon came to the ground, 
and found they had been driven far out of the course. They 
tried again tbe next day, but with the sarae result. 

The Government in Tours had meanwhile determined to place 
some balloons at the disposal of the troops in the provinces. The 
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*• Ville de Langres " had been got ready in Tours, and was sent 
with tbe aeronauts Duruof, Berteaox, änd eome marines to join 
the army on the Loire at Orleans. The Tissandiers foUowed in 
tbe *' Jean Bart." B^villiod and Mangin were sent to Amiens, 
and sbortly before tbe declaration of pecuse, Wilfrid de Fonvielle 
witb two balloons was ordered to join Greneral Faidherbe. Many 
accidents bappened in tbe storms of December, 1870, tbe balloons 
being often torn to pieces by tbe wind. The work of marching 
witb tbe balloons, filled with gas, was very laborious, and super- 
human efiforts were required to meet emergencies of various 
kinds. Still, it must be admitted that the value of the observa- 
tions made in this way was not great, though tbe possible value 
of military ballooning under favourable conditions was thoroughly 
reeognised. It was therefore determined to form a balloon 
Corps, and Steenacker was autborised to make the necessary 
arrangements. 

In contequence, two divisions were formed. The one was 
placed under the command of the Tissandiers with the balloons 
**La Ville de Langres" and " Le Jean Bart"; the other was 
under K^n illiod and Poirrier, and had two balloons, each witb a 
capacity of 70,000 cubic feet. Accommodation was provided in 
Bordeaux, and each division had the aesistance of 150 soldiers, 
when necessary. General Chanzy took much interest in the 
work and even made some ascents, though bis adjutant had 
declined the offer of a seat in the car on the ground of unneces- 
sary risk. When i)eace was declared, there was no further 
need for ballooning in its military aspect, and the corps was 
disbanded. 



CHAPTER XIV, 

MODERN ORGANISATION OF MILITARY BALLOONINO IN FRANCE, 
GBRMANY, ENGLAND, AND RUSSIA. 

The great advantage which France had derived from the 
balloon postal service during the war was thoroughly appreciated 
both in Paris and the provinces. Moreover, the journey of 
Gambetta to Amiens in ** L' Armand Barbes" was an event of 
great importance. The war would undoubtedly liave ended some 
months sooner if he had not succeeded in his work of organising 
resistance, and 6ambetta*s feat would of itself have been sufficient 
to justify the existence of military balloons, even if the history of 
the war had no other successes of the kind. The message 
delivered by an oflScer of the General Staff to General Chanzy on 
December 22nd, 1870, was also a matter of importance, seeing 
that it stated on good authority that Paris could only hold out 
for a month longer, unless very energetic measures were taken. 

It is as well to remember that there are no means of preventing 
the departure of a balloon by night, whereas most other methods 
of communication are easily interrupted under the conditions of 
war. Even with a füll moon, a yellow balloon is almost invisible 
at a Short distance, a fact which has been frequently noticed. 
But in Order to derive the füll benefit from ballooning, it is very 
necessary that the Organisation should be complete even in 
times of peace. It is precisely the kind of work that cannot be 
developed to a State of efficiency during a war. There is much to 
be learnt which requires long and careful practice. During the 
Biege of Paris, sixty-six balloons were sent up, but of these only 
about a dozen were in the hands of really experienced aeronauts.^ 
All the others were in the Charge of marines, who worked with 
a right good will, but without any special knowledge. Towards 

* The figures here given are more accurate than those which have been given by 
other authorities, and embotiy the rcsalts of the latest iuvestigatioiis. 
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the end of the siege coal was almost exhausted, coal gas was an 
unknown commodity, and there was a general dearth of all saitable 
appliances. These tbings were taken into account in organising 
the arrangements sabseqaently, and in 1874 the '* Commission 
des Communications a^riennes " was formed. Colonel Laossedat 
presided over its deliberations» and was well acquainted with all 
the technical requirements of the prohlem. He was assisted by 
Captain Benard and Captain La Haye, whose work has been 
notieed in an earlier chapter. The members of this committee 
met with an imfortunate accident in December, 1876, while 




Ki<}. I>2. — Old inHhoti of gonemting hydrogen. 

en^aged on their duties in a balloon, built by Tissandier, which 
feil from a height of 750 ft. in conseqnence of a defective valve. 
Laussedat, Mangin, and Eenard escaped with broken legs, while 
the remainder of the eight passengers had more or less severe 
contusions. 

Soon afterwards Laussedat rei)orted bis proposals to the 
Minister of War, and asked for the necessary funds to be placed 
at Ins (lisposal. Money was, however, fortbcoming only to a 
verv limited extent. Hitherto they had been allowed the sum 
of l'i^2 a year, and they were probably surprised to find that they 
were now to be allotted the sum of £240 to meet immediate 
requirements. Still much good work was done. Renard had 
carefully considered the question of generating the gas, and had 
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constructed an apparatus for generating hydrogen from sulphuric 
acid and iron, which worked well. In 1877 the Castle at Ghalais 
was placed at their disposal. Nearly a hundred years had elapsed 
since it was first put to a similar parpose, and Renard now 
equipped it with all the necessary appliances. He arranged a 
Workshop, chemical and physical laboratoi'ies, gas generators, 
testing machines, and a meteorological observatory. It is 
astonishing to find what he was able to do. He had the assist- 
ance of a professional aeronaat, a sergeant, foar sappers, and a 
ropemaker, and between them they soon managed to construct a 
balloon. Laussedat indeed considered that he was too energetic, 
and proposed to apply to other purposes the sum of £8,000, wliich 




Fig. 93. — Moderu gas waggon. 

th6 Government had now allotted at Gambetta^s Suggestion. 
But Renard contrived to resist this pressure, and it was then 
arranged that he was to be allowed to proceed iiidependently on 
his own lines. After an inspection by Gambetta, the Govern- 
ment voted money for the further development of the work. The 
establishment^at Chalais-Meudon was enlarged, and Captain Paul 
Benard was ordered .to give his brother such assistance as he 
reqoired. Gradually the work proceeded, each Company having 
ihree balloons ; the two main ones w^ere to be suitable for use 
either as captive balloons or otherwise. 

The ordinary balloon, now employed, has a capacity of 19,000 
cubic feet and a diameter of 33 ft. It is intended to be filled 
with hydrogen, and to take two passengers to a height of 1,650 f t. 
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The 80-called aoxiliary balloon has a capacity of 9,200 cubicfeet, 
carrying one person ; bat it has the advantage of belog moie 
easily worked. In addition there is a gasometer, with a capacity 
of 2,120 cabic feet, f or the storage of hydrogen. However, in moet 
cases cylinders containing compressed gas are taken with the 
balloon in carte, and this dispenses with the ose of the gasometer. 
For use in the forte, balloons with a capacity of 84,500 cabic feet 
are used, and can be filled with coal gas in case of need, though 
ordinarily they are intended to be ased with hydrogen. The 
methods of construction will be described later. 

Since 1880 the balloonists have always taken part in the 
manoeavres, and it was soon seen that the waggons were too 
ciunbersome. It also reqnired three honrs to fill the balloond, 
and this would make them practically nseless in an emergency. 
The System of gas generators was therefore abolished, in so far 
as their use in the field was concemed, and the English method 
was adopted, wbich consists in taking cylinders with compressed 
gas for the purpose. By these means it is possible to fill the 
balloon in fifteen or twenty minutes. Safficient gas to fill foor 
balloons can be carried on eight waggons. Eaeh waggon takes 
eight cylinders, weighing in all two tons ; a cylinder is one foot 
in diameter, 1«5 ft. long, and contains 1,250 cubic feet of gas ander 
a pressure of 300 atmospheres. One waggon, with a]^total weight 
of rather more than three toDS, will carry 10,000 cabic feet of gas, 
wbich is suÖicient to fill an auxiliary balloon. This new appar- 
atus was brought into use during the manoeavres of 1890, and 
was divided into two columns. The first consisted of the balloon, 
winches, and gas waggons, while the second was composed of 
other gas waggons, together with the generators and compressors. 
General Loizillou mounted the car, and examined the position 
of the enemy from a distance of eight miles, giving all his Orders 
froni the balloon. At the manoeavres of 1891, General Gallifet 
also made an ascent, and issued his Orders in the same way, 
remaining in the car for two and a half hoars. 

Experiments were also made to test tbe use of balloons in the 
navy. These were successful, and installations were conse- 
quently set up at Toulon, and at Lagoubran, near Brest, where 
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fain nutnber ol oEScere and men go into trainiug every 
Balloons were alBO used to eearch for fiubmatineB, and in 
1902, Lieuteuaot Baudie was drowned near Lagoubran 

eügaged on a work of this kind, The asceuts wer© gener- 

lade with a captive balloon, secured to the stein of the 

, and in August tlie approach 

B Bubmarine *' GiiBtave Zede'* 

ÜBGOvered in this way. How- 
in 1904 the marine eorps 

Kmded, a measure whtch 
b a certain ainount of dis- 
tal, but was doubtless justified 

refiiilts of experience. StiJl 
Ivan tage» to be derived from the 

ballooDS for reconnoitring pur- 

along the coast eeem fairlj 
18 1 It would thus he possible 
bei the approach of the enemy 

moch greater distance than 

be the case it ohservatione 
only made froiu the ground 

provided, of course, that the 
er was reasonably elear. 
ionB alteraüoDs have lately been 
in the general Organisation of 
rench Balloon Corps ; and, in 
ular, a great iinprovement has 
mtrodueed hy making it alto- 
' independent of aiiy esperi- 

1 work« Consequently all their 
bn 16 devoted to instructiug the men and inereasing their 
lesa in the field. Ä special hvboratory has been erected in 
for the ötudy of probleniB directly or indirectly connected 
allooningi and for carry ing out experimeutal work. The 
t Offices arejat Chalais-Memlon, where Instruction is given 
grades in the eervice^ and where the main Workshop is 
id. Four eompanies are stationed at Versailles wiih the 
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ußual number of oflScers and men, and there are also companies 
at Verdun, Epinal, Toul, and Beifort, with all the necessary 
appliances. At Versailles, Montpellier, Arras, and Grenoble the 
Organisation is subjeet to the general control of the engineers, 
and would only become an independent unit in the case of 
mobilisation. In all these placea manoeayres on a small scale 
take place every year. 

The equipment in the field is rather different from that used 
in the fortresses. In the latter, compressed gas in cylinders is 




Fi(i. l»r>. — One of the balloons is pepgeii down in the open field, 
and tlic other is suuk in a spccially prepared pit. 

not used ; it is generated from time to time as required. Bat 
Waggons are also provided in the forts, and eould easily be used 
in case of emergency. The provision of skilled aeronauts is 
also a matter of iraportance, and this is part of the work done 
at Chalais-Meudon, \vhere every year a eertain number of men, 
prineipally from the educated elasses, are instrueted practically 
and theoretically in the art. They receive the title of " Aero- 
naute brevete " ufter ptissing an examination, and are instrueted 
to place theinselves ut the disposal of the authorities of a given 
fortress in the event of mobilisation. The French Balloon Clubs 
also receive assistance from the Minister of War with a view to 
placing the Services of their members at the disposal of the 




mntry in caee of iieed, and they receive lessona in the art of 
ingtruction for tbis purpoBe. The French anuy theretore dis- 
»üeB o! the Services of a large number of experienced men, 
bo eouldjn case of 
, do mucb useful 
ürk in thefDrtresdes 
d elsewbere* It 
botli a civil and 
lili Urj orgaxiiaation 
proeiire a Dumber 
of skilled aeroiiatits, 
d imder these coD' 
ion8 tbere should 
a sufficieiit 8up- 



Th@ ballooDiBt«! 
irolled by Cajjtaio 
enard, had tbeir 
firat exp«rience of 
ßttial Warfare in 
H in Tonkin- 
leneral Courhettook 
datacbinent with 
nnder the com- 
%nd of Captain 
aveliert coriöiöting 
two oflicers^ 13 
0n - commissioned 
Heers, and '23 men. 
In* applianceB were 
deeigned with a view 
easy transport, 
ad tbe gas was generated by heating gnmulated ünc with 
eulphate of potaah- Tlie balloon, which was not of the 
brtnal type, took 9/200 cabic feet of gas, and a hand-winch 
Controlling its movements was carried oo the tooUwaggon, 
iie commanding officer reported thafc the datacbment had 
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been strengthened by Üie addition o( some artflleiymen aod 
Boxne coolies, and that good work had been done. They wen 
particularly useful in finding a way througb more or less tnek- 
less marshes» where the cavaliy were onable io penetrate, and 
where small reconnoitring parties were veiy liable to be ambiuked 
in ihe dense bamboo forests. At the bombardment of the town 
of Hong-Hoa the firing o( the gans was directed from Um 
balloon, and in the same way the retreat of the enemy ms 
signalled, with the resalt that the order was given to advanee 
to ihe attack. In the following year, they were attached to the 
reconnoitring party ander General Negrier, who freqaendy 
mounted the car for purposes of Observation. In all sabee- 
quent colonial wars the balloonists have been employed in the 
French army, as, for instance, in Madagascar in 1895, and Taka 
in 1900. 

Cases often arise in which there is no immediate ose for the 
balloon on an expedition, and the time is therefore employed in 
Photographie work, so that the country may be mapped out and the 
salient features of the landscape recorded in case they may be of 
Service at a later stage of the Operations. The photographs can 
alHo be carefiilly developed into maps, or they may be merely 
8tiick together on a sheet of paper as a kind of rough gnide io 
any deiachnient that may have to pass along the road. This work 
has been found very useful in countries of which no maps exist. 

The Minister of War is said to be satisfied with the resolts 
produced by balloous in colonial wars, and in spite of the oosi 
of their Operations (which is by no means small) the work is 
likely to be still f uriher developed and brought to a higher State 
of efficiency. 

Gebmany. 

In Germany a Balloon Corps was organised in 1884, although 
experiments made in 1872 by a regiment of Engineershad tumed 
out unsatisfactorily. The German Balloon Club had been 
founded in Berlin in 1882, and was busily oecupied with the 
study of the question, having many officers among its members.^ 

1 " Die Gcschiclite der Kgl. Preussiscben Laftflchiffcr-Abteilnng," 1902. Pub- 
lislied by Meisenbach. Kiffaith & Co. 



OKGANISATION OF MILITARY BALLOONING. 150 

|?he original detachment consisted of thirty-three men and 'four 
:>fficers, viz,, Captain Buchhoh, and Lieutenants von Tschudi, 
ron Hagen ^ and Moedebeck. Their first task waa to ar ränge 
experimental Station for captive balloous, to he ueed for 
Ttilkry purpoaes. They had the assistance of a professional 
ftarotiaut, named Opitz, and settled down to work at the Eastern 
Böilway Statiou in Berlin» whieh was plaeed at their disposah 
In thls way they had a large hall as a kind of drilUng-gronnd^ 
tbe ^'aiting-rooms, etc„ belng tumed mto Workshops and barracks, 
and the platforms 
into ropemakers' 
rtins. li was thought 
necessary to exercise 
the men without 
delay in the work 
of praetical balloon- 
ing, and arrange- 
mentswere tberefore 
inftde to have the 
usa of a balloon for 
Ibis purpoäe. This 
was done by agree- 
ment with a profes- 
Kional aeronaut who 
iDade ascents at 
Scbönebergon Sun- 




FiG* Ü7* — Waggon carrjiDg loois and iipplmiices, 
tbe baliooQ bcing paeked cm the top* 

{Fmm *' Die Qiscliicliti» der Lult^chifffr-AbUsilutig.") 



days ; the corps had the use of his balloon on the other days 
of the week, until such time as they should have eonstructed one 
for tbemselves. Within three years thej had already made 
eleyen balloons, and gained mueh useful experience with regard 
to materials, varntshes» ropes, gas, etc. The ordinary gas from 
the mains was used j but for active warfare it was intended to 
follow the esaraple of the Frencb, and to generate hydrogen 
either by the dry or wet way, However, it was found that the 
inflation took too long, and lasted for three or fonr hoors ; 
boDsequently the English method was atiopted, and compresaed 
in eteel cylinders was used. Waggons were huilt for holding 
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twenty cyliiulers, euch of wliich contained 250 cubic feet at a 
pressuri' of 'UM) atinosphereö. A steam iivinch was niade in arder 
lo wind iip tlio ro^Ki Holding the captive balloon; liiit this ^m 
KO(m foiiiiil to ha a cliuiiHy arrangement, as ßteam wag nFten m^ 
availiililt' at tlie iiioment when it was wanted. It was thnrdltiit 
repluced hy a hand-winchy which woald be alwaya ready forworl 
and could he <lriveii by the men on the spot. Gradiially tbe 
dotaebnieiit increased. In 1886 it consisted of five officcsrsuid 
iifty inen : in 1H'J«S there were six officers and 140 men ; uid k 
VJOl it fonned a battalion of two companies, tOKt^tber witb a 
toani of horsos. Horsea are provided specially für the ccrrpaiii 
Order that they may be able to carry out such taetieal mpir^impti 
as nijiy be re«]iiired in niana*uvres or in war. 

Tbr Corps were inainly regarded as being for the piirpqpi 
of t)i(' lnu;lli>{iiic(> Department, and were consequently diiiilfj 
uiidtT ihr coiitrol of the General Staff ; but in so far as oniiqni 
iiiul diM'iplinc were concerned they were regarded as being mjA 
of th(? lliiilwity li(-<^anient. In order to distinguish them bgß 
th(> rML'iiu('i'> of iht> Itailway Ile<];iment the men had tholottflr 
*' \, " Oll tlic ^liniil«lrr-straps, and also carried a rifle. Banaeb 
wt-n- iii«»vi.li<l Uiv [\\v\n on the Tenipelhofor Feld. 

In INIM) iL iiiiliiiiiy school for balloonin«^ was started bythe 
D.ivariiiii ai'iriy in Mmiich, and consisted of three officers and 
thirty \\n\\. 'Y\n\ \\(M*e attached to the Kaihvay Begiment, and 
>iil'j(.ri !•• tlie coiitrol of üu) en<^ineer8 and the authorities of the 
lnrtn'->«-. TIh- «livisioii wus afterwards niade into a Company. 
'\\n* lll>n-(onMni^^«ion(•d otlirers and men have the letter "L" 
(Ml tlicir >liouM(r-strai)s. and wear the uniform of the BaQway 
l!cL;iiiH iit. wluiiiis \\w. otVu-ers retain the uniforms of the regi- 
nnnts lo which iht y wnv previoiisly attached. A number of 
r»|}icrr^ fiiHii <»ilur n';;iiiu'nls also receive instruction, both of a 
theonfiicul aiiil prarücal Kind. 

Tlut l.alloniii>i> li.jvr a niany-sided activity in Prassia and 
iJaviiriu, üihI '.in- always ]>n'scnt at the niana;uvres. They 
jilx) i;ilv« i'.iri in ^iinnmi' in various artillery exercises. At 
|[tflij;ol:iii(l and Kirl i'\[)iMiiin.'nis have been carried out with 
l»alloon> on iho nifii-of-war. At the nianceuvres a signalliu«:; 




Iballoon in placed directly under the control of the comiuand- 
ing oüicer, and has the diity of conveying in all directiona 
tlie Orders that have been issued, The signals are convejed 
liy intlated spherical or cylindrical air-bage, which are kept 
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in Position in windy weather by means of a load of ballast 
The KaiHer took much interest in the arrangements of the 
fiignalling halloon, and was present at the first successful trials. 

The Balloon Corps has rendered help in the matter of scientiBe 
inveHti^ations, particularly in the meteorological department. 
It haH aHsiäted in the exploration of the upper layers of the 
atmosphere by means of the ** Humboldt " and the " Phoenix," 
a work which also received mach encouragement from the 
Kaiser. Captain von Tschudi, one of the officers of the corps, 
Kiiperinttmded tho preparation and inflation of the balioon 
** PruHsia/' which was iilled with hydrogen, and liad a capacity 
of nearly :iOO,(K)0 ciil)ic feet. It subsequently rose to a height 
of :M r>0() fl., which is tlie ^'reatest altitude yet reached. The 
hattalioii also takes part in the ascents organised by inter- 
national ai^reemeiit for the purpose of meteorological Observa- 
tion. The cxpt'dition to the South Pole started from Kiel on 
Au^Mist llth, 1!H)1, linder Professor von Drygalski, and here 
a«^'ain vahialih» hflp was ^'iven by the military authorities in the 
arranf::('nn'nls for i\w halloons, which were made from their 
(Ifsij^'ns, nud liavt» since i>rove(l of great assistance amongst the 
ic«-!ii'l«ls of tlu' Antaivtic Ocean. 

WhiMi Marcnni (h'Vi'loped bis System of wireless telegraphy 
onlers Wiw itMtMvcd that it was tobe tested by the Balioon Corps, so 
as to find whcthiT it was likely to be suitable for militar}^ purposes. 
'V\\\> a«l.lt'.l a iK'W WM lo their activities, demanding much study, 
jmd a ^ifat di-al of expcriniental work. Captain von Sigsfeld was 
th(^ innvin^' spirit in thi^ matter, and thanks to hisefforts, a System 
wa> (b'vrlojMMl whidi, sincehis untimely death, has been extended 
thrnu^^liuiit the arniv. Lately tliis work has been removed from 
i)i(* )iall«)on scctinii. and has niure litly taken its place in the Tele- 
^vn\)]\ I)e]>artnieMt. Hut, for the purposes of the war in South- 
West Africa, a division was sent out that was wholly recruited 
from the ])allooii S(ctir>n, and succeeded in giving useful help. 

l^NdLAND. 

Mxi)eriinents wilh captive l)all«)ons were made in England in 
lH(ri. A niilitarv hchool for halloonin^i; was started at Chatham 




in 1879 uiider Captain Templer, and in the following year the 
'Mlh Company of the Royal Engineeira was insimcted in ibe 
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necessary field-work. Manoeavres took place at Aldershot every 
year, in wbicb the ballooning section played their part ; and a 
factory with a school for ballooning was consequently erected 
there. It has been already mentioned tbat tbe English were the 
first to introdace the use of bydrogen, compressed in steel 
cylinders, wbicb bas greatly simplified work on tbe field of battle. 
Military balloons, as used in England, bave very ligbt and air- 
tigbt envelopes. They are made out of goldbeater's skins, and 
tbeir size ranges from 7,000 to 10,000 cabic feet. These sizes 
are much smaller than those in use in other countries, but the 




Fk;. 10(». — A collection of exploded gas cylinders». 

cost of making thein is very great. The gas is mostly prepared 
by the electrolytic decomposition of water, and is stored in steel 
cylinders, 8 ft. long and 5^ ins. in diameter. In consequence of 
the low pressure, a cylijider weighing 80 Ibs. only contains 
1 27 cubie feet of gas. In addition to this there are also the 
usual generators, which employ sulphuric acid and iron. 

England has greater experience in colonial wars than any 
other nation, and balloons bave always been taken on such 
expeditions. They bave thus been used in Egypt, Becbuanaland, 
and China, as well as in the Boer war. Four balloon sections 
were eniployed against the Boers, and the following instances of 
iheir useful Services may be recorded. A balloon for Observation 
purposes was used in Ladysmith for twenty-nine days, and tbe 
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positions of the Boer guns were often discovered by its means. 
Several times they were Struck by Shells during the siege. At 
Spion Kop it was eonsidered, as the result of balloon observa- 
tions, that the Boer position was impregnable. A section under 
Captaiu Jones formed part of Lord Methuen's column, and was 
used for several days in the neighbourhood of Magersfontein, the 
balloon being finally destroyed in a storm. It was also of service 
to Lord Roberts at Paardeberg in discovering the precise position 
of Cronje's foree, and in directing the fire of the guns. Another 
section was sent to Kimberley and Mafeking, and did a fortnight's 
scouting work at Fourteen Streams. Laborious marches were 
also made with inflated balloons for survey purposes. At the 
bef:;inning of the war there was a great dearth of reliable maps, 
and the want was gradually supplied by means of photographs, 
taken from balloons. In places high mountain ranges had to 
be crossed, and the height to which the balloons would rise in 
such places was naturally found to be much reduced, a result of 
the physical laws which have been expounded in an earlier 
chapter. The gas was at first sent out from England to Cape- 
town, bnt at a later stage of the war, gas generators and 
compressors were used. 

In China the balloons were not used for discovering the 
positions of the enemy, but for the preparation of maps, and in 
Ibis useful service the English w-ere ably assisted by the Freiich. 
The general experience of many colonial wars has convinced the 
English of the importance of the Services which a balloon section 
Clin render, and in case of mobilisation the corps will be found 
to be in good working order, 

AUSTRU. 

A civilian was the first to introduce the balloon to military 
circles in Austria. Some isolated experiments had doubtless 
been made, as in the case of Uchatius, who tried to drop bombs 
into Venice from balloons, but only succeeded in endangering 
the lives of bis own comrades. Again, in 1866, a captive balloon 
was bnilt to assist the forts round Vienna ; but on the first 
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occasion that it was taken into the field it escaped from the 
soldiers who were holding the ropes. 

In 1888, an extensive exhibition of all tbings relating to 
ballooning was arranged by Viktor Silberer, a well known 
amateur, who took great interest in the sport The saccess of 
the exhibition was very great, and it attracted general attention 
to the subject. The inevitable committee was of course formed, 
with instructions to visit London, Paris, and Berlin in order to 

find out all that was known. 
Voluminous reports were present^d 
in due course, and in 1890 a 
niilitary course of aeronautics was 
started. It was placed ander the 
direction of Silberer, who had 
constructed a ballooning establish- 
ment for himself in the Prater at 
Vienna. Practical instruction was 
given both with captive and free 
balloons, and the theoretical aspect 
of the matter was also considered. 
Tlie value of the instruction was 
considered evident, and it was 
continued during the next year and 
attended by a larger number of 
men and officers. 
In 1898 a corps was organised for the si)ecial work in band, 
and consisted of two ofticers, four non-commissioned officers, and 
twenty-six men, who were placed under the control of the 
aiiilleiy stationed at Vienna. Buildings for the purpose were 
erected, and ihn whole Organisation was placed under the com- 
mand of Captain Trieb. It was considered advisable to study 
tlie methods iised in Prussia, and Lieutenant Hinterstoisser was 
thorefore scnt to ]3eilin to make all necessary enquiries and to 
ac(juaint liiniself with the methods there adopted. He subse- 
qiiently took comniand of the corps, and the development of its 
activity and elHciency lias lately been very marked. The num- 
hevä are still small ; but in case of pressing need, such as would 




Fi;:. 1<>1. — Captaiii Ilintorstdisser, 
of tlu' Allst riaii BallcKHi Corps. 
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arise in time of war, recourse would probably be had to the Aero 
Club, of which Silberer is president. 



BussiA. 

The experiments made by Leppich in 1812 have already been 
mentioned ; they were entirely unsuccessful, and it was not until 
1869 tbat the matter was further mooted. General Todleben 
then (ormed a committee for the study of the military aspects of 
ballooning, the main idea being that it might probably be 
possible to introduce soine improvement in the signalling 
arrangements. The work was mostly done by the navy ; and sig- 
nalling balloons were constructed which displayed flags by daytime 
and electric lights by night. In September, 1884, a special detach- 
ment was formed, eonsisting of one oflBcer (who later beeame 
Colonel von Kowanko) and twenty-two men. The Eussians bought 
their entire outfit, including gas generators, from French manu- 
facturers, nearly all of them reeeiving Orders in due course, viz.» 
Brisson, Yon, Godard, and Lachambre. 

It is curious to reniember that the Eussians ordered a dirigible 
balloon from the firm of Yon in the year 1886, but when it was 
tested, they refused to take it on the ground that it appeared to 
be useless. Experiments were also made with a MonUjolJihr, 
constructed by Godard ; its capacity was 110,000 cubic feet, but 
the tests, which were made at Brüssels, were also unsatisfactory. 
A great deal of work was done by the navy, about 1894, with 
balloons in connection with the unsuccessful attempt to discover 
the warship *' Bussalka," which had been sunk in the Gulf of 
Finland. 

The Organisation of the corps was gradually evolved. A school 
for aeronauts was started at Wolkowo Polje, near St. Petersburg;, 
after the French model, Instruction being given both for the 
purposes of the army and navy, and extensive Workshops being 
constructed. The establishment included seven officersand eighty- 
eight men, from which the detachment for the manoeuvres was 
selected. They also provided any officers that were required for 
ballooning purposes. The apparatus used in the field was 
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extremely ineonvenient, owing io the taet ihat the BussiaiiB hid 
not adopted the System of compressed gas in steel cylinden. 
At the manoeuvres of 1908 no less than 160 Waggons weie 
reqoired by the Balloon Corps, and this had the resolt of inter- 
fering greatly with the movements of the troops. C!onseqaently 
General Dragomiroff expressed himself as being very dissatisfied 
with their arrangements. Bat the outbreak of the war inOk 
Japan changed the System ; the spherical balloon was given up, 
and a number of kite-balloons were ordered in Germany, The 
method of generating hydrogen from salphuric acid and inm 
was abandoned. It was considered necessary that eveiything 
should be capable of transport either on mulos or in two-wheeled 
carts, and the gas was therefore generated by the reaction 
l)etween aluminium and caustic soda, all the materials required 
to inflaie one balloon being carried on twenty mules. A batialion 
of tbe East Siberian Balloon Corps was formed for the campaign, 
consisting of two companies, ' which reached the front m 
September, 1904, and another Company was already with the 
first anuy under Linevitch. The reports which have been made 
public as to the results of the campaign from the point of view 
of biiUooning experience are very meagre. Beconnoitring werk 
of various kinds was often done under the heavy fire of the 
Japanese, and to judge from the number of decorations that 
were afterwards bestowed it would appear that the second Com- 
pany must in some special way have distinguished itself. The 
balloon wliich bad been intended to be used in the forts of Fort 
Arthur was loaded on board a ship and subsequently captured; 
und the same fate probably overtook a German steamer, named 
Lahn, which was intended to helpin the Service, but disappeared 
mysteriously. At the present moment Bnssia is devoting herseif 
to the reorganisation of the service in the light of the experience 
gained from the war. It may also be mentioned that kites have 
been used, principally in the navy, for purposes of Observation; 
but tlie results have not been altogetherencouraging. Beferenoe 
will be further made to the matter in a later chapier. 



CHAPTEß XV. 

MILITARY BALLOONING IN OTHBR COUNTRIBS. 

The balloon disappeared from the army of the United States 
for thirty years until a fresh efifort was made in 1892. The 
material then employed \Yas goldbeater's skin, and a balloon of 
this kind, together with net and basket, was shown at the 
Exhibition at Chicago. In the following year English methods 
were adopted, and storage accommodation was s applied at Fort 
Logan. Experiments were also carried out by Lieutenant Wise 
on the use of kites, which have been already deseribed. 

In the war against Spain, Major Maxfield with bis Company 
did good work in the field. At Santiago de Cuba the observa- 
iions which were made of the arrangements of the forts were of 
great value, and it was also similarly known that Admiral 
Cervera's fleet was in the harbour. Later in the campaign the 
Spaniards succeeded in chasing the balloon through the deiise 
brushwood with their cavalry, and in bringing it to earth with 
some well directed rifle fire. This was merely the result of a 
lack of caution, and helps to emphasise the fairly obvious fact 
that the balloonist must be on bis guard against surprises of this 
kind. It is insufficient for him to direct bis telescope towards the 
horizon, more especially as it is also a part of bis duty to report to 
the commanding oflScer as to the movement of any of bis own 
troops which may no longer be in touch with headquarters. 

After 1890 a disposition was shown to imitate German modeis 
in America. Gradually the Organisation was completed both 
for the employment of balloons in forts and in the field. Most 
countries started by copying French methods, but lately there 
Las been a decided tendency to foUow German practice. The 
following notes give brief particulars of the various countries in 
alphabetical order. 

In Belgium the necessary materials were ordered froni 
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Lachambre, of Paris, in 1886, and a Company of an engineering 
regiment in Antwerp was allotted for ballooning work. A school 
was Btarted in ihe following jear, and trials were made oE bot 
air balloons on tbe Godard eystem, as well as of others for 
signalUng purposes of the dirigible type. Latelj tbe kite-balloon 
lias been introduced. 

During tbe exbibition in Pbilippopolis a small Company was 
organised by Eugene Godard in Bulgaria; bat it can bardly be 
Haid to bavH resulted in any real military Organisation. 

Cbina ciainis for itäelf tbe credit of having invented 
MontijoliirrrH ceiituries before Montgolfier was born ; but it bas 
since soniewbat failed to keep in tbe van of modern progresB. 
It niiist, bowever, be admitted tbat in 1886 Yon, of Paris, was 
instrucleil to deliver two balloons, with all necessary appurte- 
ininces, in Tientsin, and several months were spent in indneinc^ 
thom to rise in the air. Tbis delay was caused by the faet thil^^ 
the vurnished silk nielted into a slimy mess on account of tfaa 
tropiciil heilt. Me.uiwhile suitable storage accommodation was 
provide«!, to;^'et)Hn' \vith a ground from which the ascents coald 
he niaths Jind the various exercises carrried out. Natarally 
enou;j:)) tlic jilaiis inchided the erection of a magnificent pagoda» 
from ^vlli(•h tlic i)n'siding viceroy could conveniently follow thft 
ni:in(eiivres. After all tlie preparations bad been completod, il 
was foiind that tlie hallooiis were completely useless, and mm 
were therefore ordeied with all haste from tbe same contractoifc 
These arrived in tinie to fall into tbe bands of the Russians al 
tlie capture of Tientsiii in 11)00, and notbing further is known 
ahout the state of the art in China. 

rnsuccessfnl e\i)erinients were made in Denmark between 
IHOT and 1811 with a diri^^ihle balloon; but it was not tili 1886 
that an ol^ieer was sent to Belgium, England, and France, to 
study tlie cpiestion. This journey resulted in tbe giving of an 
Order to Von, of l'aris, for a complete equipmentfor one balloon. 
\Vlien this arrived it served for various exercises tili it was 
eventually woiii out. Xothin^ further bas been done in tbe 
matter. 

In 188;") a complete hallooning outüt was ordered by tbe 
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ItAÜaB Govemnieiit from Yon, of Paris» and a Company wan 
formed, which has done tnuch work in the field. Englitih 
metbrnls i^ere, however, foltovved in 1887, gold beater 's skin being 
nsed HS a tnaterial, and steet cylinderB being introduced for 
eoiiipre^sed gas, At the saine time French methods were not 
entirely discarded ; silk balloons and gas generators were 
employed to sorne exten t, A companj was Bent to the front at 



^Ä^i '; 



the time of the war in Abyösinia, the balbons being transported 
on tnules aud camels* The German kite-balloon was employed 
in th© na^^^ in 1900, and in 1901 the syatem was still more widely 
adopted. 

A legend is still told of a Japaoese soldier who mounted iti a 
kite duritig the siege of a fortress in 1869, and threw bombs ou 
Ibe heads of the enemy, This may be trne, but it has a slightly 
roythical sound, not altogether out of keeping with the air of 
mjstery which veiled Japan at that time from the gaze of the 
aiiier world. The firat faet which is definitelj known about 
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Japanese ballooning activity in its military aspect is that the 
lirni Yen, of Paris, supplied them with the necessary materials 
in 1890, though it was supposed at the time that ihe 
(iermans niight have received the order owing to the known 
partiality of Prince Komatzu for their producls. However, the 
Japanese had the same experience as the Chinese, and fouud the 
varnishod silk balloons useless for their {)urpose. Man; 
en(|iiiries and experiments were therefore made with a view lo 
finding suitahle matcrial, varnishes, etc., and final ly akite-balloon 
was orderinl f roni the firm of Riedinger, in Augsburg. Experiments 
wen? still heing made at the time of the outbreak of the war 
a^Miinsl the Russians, and balloons and kites of all shapea and 
sizts \vere soon to be seen on the field of battle. In partieiilar 
t}iry did good work in directing the fire of the Japanese gnnt i 
Port Arthur, so that several Russian magazines Viere i 
by the slu'lls. 

^^orocco ordured balloons from Surcouf, of Paris, in 190^ i 
at the sanie time a stcam-winch for captive balloons was de 
by Strli]K;ider, of (.'reusot. 

Tlu.» Netlicrhimls procured their supply from Laehambre ia 
IHsr», and this was lianded over to a regiment of engineoi 
sijitioiud at rtri'cht. A Company was also formed in Batavift, 
aml tili; (itrnian KiU'-balloon was introdueed in 1902. Xorway 
lias a (•nri)s provided with (ierman material. In 1893 Godard 
instriictiHl sonio llounuinian ofiicers in the art of ballooning, and 
:m oiiUr was afterwards given to the finn for the supply of 
Ijalloniis to a rej^iiiKiit of engineers stationed at liucharest. In 
WHVl an olViccr was seilt to (iermany and Austria to study their 
inctluHis. and this led lo tlie introduction of the " Sigsfeld- 
l*aist'val *' sv^iciii of captive balloons into the Eouiiianian 
ariny. 

SwL'dtMi h:i(l a similar c^xperiunce to that of Roumania and the 
Nfiluirlands. Jii 1s*j7 a corj)« was formed in the fortress of 
\u\liolin. and niaici'ial was supplied by the firms of Godard and 
Snivonl, in Taiis. In 1IU)0 an otlicer was sent to Versailles to 
suuly tljt- Kn*ncli nu lliods of instiuctioii. A year later Lieutenant 
Saloniaii was sifiit to Vieiina l'or a similar purpose, and in 1905 
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ieatenant von Bösen was aitacbed for gevatal months to ibe 

loorpB stationed at Berlin. A balloon-ship was introduced in the 

fSwedish Navj in 1903, intended for pnrposes ol eoast defence. 

It carried a German kite-ballooD of a capacity of 25,000 cubic 

eet, which ia filled with hydrogen» produced electrolytically, and 

ipre8sed in cjlinderB. 

In Switzerland a corps was fornied and stationed at Berne. 

tt was originally fitted out with French suppUes, but in 1901 



FiQ, 103.— A bftlloön refidj for iriHntioii. 

Orders were given in German j for further requirements. Servia 
bas used balloons ßinc© 188B for signalling purposes^ and bas 
talely proposed to introdiice tbem for reconnoitring work< 

Spain bas also been very actively engaged ou the work. In 

1884 it was proposed to furnisb tbeir ow^n supplies, but five 

■ ygars later orders were given to Yon, botb for balloons and 

^Mnerators. On June 27th, 1889, tbe lirst and only Royal 

^^Hcent that bas ever been made took place« when Queen Marie 

Christina mounted the car in Madrid. Lately officers bave Leen 

seni to all parts of Europe to ebady fcbe latest iinprovements^ 
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and in 1900 the kiteballoon, due to Sigsfeld and Parseval, was 
introduced into the corps, whicb was stationed at Guadalajara. 
It is now under the command of Colonel Vives y Viehes, who 
has furthered the development of its efficiency in many directions. 
His interest in scientific work was sbown by the assistance he 
afforded to the meteorologists and astronomers on the occasion 
of the bist eclipse of the sun, and be has also encouraged his 
men to do Photographie work and train carrier pigeons. 

It will tlierefore be seen that almost every civiiised nation is 
developing its ballooning capacities, and lately there has been a 
tendency towards the adoption of German modeis, evidenee of 
which in to be found in the fact that within the last nine jears 
the firm of Kiedinger, in Augsburg, has supplied more than 500 
spherical and kite-balloons. 



CHAPTER XVI. 

[)ON CONSTRÜCTION AND THE PREPARATION OF THE OAS. 

K)Ns cnn be filled either with hydrogen, water gas, or 
. The preparation of hydrogen can be eflFected in various 
The method originally suggested by Charles is probably 
plest, and consists in the addition of dilute sulphuric 
iron. But practically it leads to difficulties. The newly- 
Bd gas is very hot, and adulterated with a certain amount 
(^apours. It must therefore be cooled and washed free 
ipurities. This is done by allowing it to pass through 

water, after which it is dried by Coming into contact 
bstances which easily absorb moisture, such as calcium 
i. It is then ready to be passed into the balloon. This 

is still employed with various modilications ; iron can, of 
B, bereplaced by zinc, and sulphuric byhydrochloricacid. 
ihemical formula showing the reaction is as foUows, viz. : 

H2SO4 + Fe = Ha + FeS04, 

addition of sulphuric acid to iron forms hydrogen and 
sulphate. From this formula it is possible to calculate 
oant of gas that is formed. The atomic weights are 

S = 32, = 16, Fe = 56. A cubic foot of hydrogen 
0*09 oz. Suppose it is required to know how much iron 
phuric acid will be needed to generate sufficient hydrogen 

balloon of 20,000 cubic feet capacity. We find, first of 
) weight of the hydrogen, which is 20,000 X 0*09 oz., 
wt. The amount of iron will be 28 times the weight of 
irogen, and will therefore amount to 1 ton 8 cwt. ; the 
of sulphuric acid will be 49 times that of the hydrogen, 
Jonsequently 2 tons 9 cwt. In the process of the work 

I one kind or another are sure to arise, added to which the 

II probably be rusty, and the sulphuric acid will certainly 
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contain impuritic*«. It will therefore be found tbat in actual 
workiiip; about 20 per C(?nt. more sulpburic acid and iron will be 
roqiiired than in allowed for in the calculations. 

If bydro^fii ifl t^'enerated on tbis System it Starts very fast, 
biit Kradually ibe evoliition of tbe gas beeonies slower, until it 
tinally ceasi?s aliopjetber, owing to tbe formation of a film o( 




l!'.. I'>l. A-'i-iit ..[■ ;i .-Mptivo l):ilIi»oii in caliii woatlior. 

I .,■■!' ■ » '. ■■ 1 \ .!■- \ \ i'li"«. i.rsiiaiii, Li'Miti>n:Lnt von O'rxiii. nl 

\ ■-: . ■ ■• ■ • ij'.i 1 >i"-iliii_'. "f iti-iiiiany. 

fiTiuii:« .-iill»h!it(' nii tiu* Mirface of tbe iron. Tbe so-called 
(•ir«-iil:i!i'iii systnii was tliLivfori! introdiiced as an improve- 
III. -üt. l'V \\lii«-li iIh- ilui'U aru kt*pt in a State of cireulation, 
und iIm' ir->u sulpliMir I.- >ti'adily rt-nioved in conse^uence. 
li i^ \ii'\ ii!i|M)ria!ii t» u-«- i»iiri' sulpliurio acid, beeause the 
rli<'a|»rr Mii'l- «'Oll!. tili .ii-.^iiiiif. 'J'lir iisu (»f iiupure acid bas led 
tu .-«'Vri-Ml t:ii;il .u'.'iJciii >, aiid iluj .sMiallest amount of arseuie 
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[iroduces such an effect on the red corpusclea in the blood tbat 
leatfa quickly results. The vatB or barreis muat be lined with 
llead, which ig the only common metal not attacked by salphurie 
[fteid. If 6111 table arraogements are made, it ia possible to gener- 
[ate a large qnantity of gas in a very 8bort space of time. In 
1 1878, Henry Giffard prepared nearly 900,000 cubic feet of gas in 
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tbree days, usirig in the process 180 tons of sulphuric acid and 
80 tons of iron tumings* 

It bas beeti already meutionad ihat the ärst military use of 
the balloon took place soon afler the Frencb lievolution, and 
that one of the conditions was that sulphurie acid was not to be 
usecl lor the generation of the hydrogen, seeing that all availabla 
suJpbiir was required tov makinggunpowder. Coiitelle tberefore 
davisad an arrangement by whieh Lavoisier's method of pasaing 

A. N 
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steam over red-hot iron was used for the generation of hydrogen. 
Some iron retorts (old cannons were actually used) were baut 
inio a furnace and kept at a red heat. Tbey were then filled 
with iron turnings, and steam was tumed on. Hydrogen was 
therefore generated, as shown by the following formula — 

Fes + 4 HaO = FosOi + Hg. 

If this method is used, a cubic foot of hydrogen will reqoire 
1*881 oz. of iron, and 0'806 oz. of water. Improvements were 
also made in this arrangement, but the main principle remained 
the same. 

The purest gas is obtained from the electrolytic decomposition 
of water. A little sulphuric acid is added to the water in order 
to make it conduct. On passing an electric current, the water is 
decomposed into its constituents, which are hydrogen and oxygen, 
the hydrogen going to the negative and the oxygen to the positive 
pole. In Germany the ordinary way is to produce hydrogen as 
a bye-product in the soda works, as, for instance, at Bitterfeld, 
neiir Halle, and Griesheim, near Frankfort. The cost of carriage 
is considerahle, so tliat it is worth 14«. per 1,000 cubic feet, 
whereas at the works it might be had almost for the asking. 
The cost of the ^'iis, if 2)repared from sulphuric acid and iron, 
would probably be nearly twice as much. 

Water-gas is obtained by passing steam over red-hot carbon, 
and consists of a niixture of hydrogen and carbon monoxide. 

A large nuniber of other reactions can be used to generate 
hydrogen, but tbey are either dangerous or costly or cumbrous. 
Aniougst these may be inentioned the reaction between slaked 
liine and zinc, between steam and fused zinc, between sodium 
and water, or potassium and water, and between zinc or aluminium 
and either of the caustic alkalis. 

In any case the generation of the gas on the field of batÜ^ 
would be out of the question, and tbe English method of using 
the compressed gas in steel cylinders is now every where employed. 
A cylinder with walls 0*187 iii.thick weighs about 88 Ibs. andcon- 
tains 140 cubic feet under a pressure of 120 or 130 atmospheres- 
A military waggon carries 35 cylinders, and the gas is allowed to 
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|lo the ballooii by opening tbe valve at tbe top of the 
Wheti a balloou ia to be inÜated, seveml waggons are 
1 up at the aide« aad tbe variouB cj Haders are all connected 
|3lbe, wbieb convejB tbe gas to the ititerior of tbe balloon. 
■Batioti occupies from 15 to 20 ininutes. 




Fiß. 106.— ^Steol cylinilerfor contniiiinjy hy<imgen* 



Igaa is only used for Free balloons, and was first proposed 
m in 1818. Tbe ** liffc " due to tbe use of tbe bydrogen 
gas has l>een already stadied in an earlier cbapter, and it 
töre shown that the size ot the balloon depends on tbe 
ot of lift tbat ia wanted. Therefore cap* 
bftllooüs, wbich are geiierally filled witli 
agen, are miicb smaller than free balloons 
^jtb coal gas, If it were not for tbe 
Bof expenee tbe use of coal gaä would 
By be dlBcoutinued. 
Pipbere is the body which combines tbe 
lagt eiirface with tbe greatest volume, and 
ifore all free balloons are spherical in 
g, Tbe ai^e is obviously dependent on tbe 
litof the load to be üfted» General ly speak- 
\ balloon to carry 3 or 4 persona would have 
pficity of 45,01)0 eabic feet or thereabouts- 
higher tbe balloon is to rise, tbe greater 
f be ÜB capacity, and, of course, with bydrogen, mucb 
m beigbtö ean be reacbed tbao witb coal gas* If long 
iflys are to be andertaken, large balloons are necessary, 
trises from tbe fact tbat leakage is continnally oceurring* 
It Müst bepossible to neutralise tbia by throwing out ballast* 
hBV words, th© balloon miiöt be eapable of carry ing a con- 
ableloadof ballaät^ and muet tberefore bave a large capacity. 
ils iised for the construction of tbe envelop< 
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numerooB. Dirigible balloonB may have a framework ot aln* 
miniam sheets» bat it is better to ose sonie kind of woven 
material. Paper and rabber aie only need for pilot ballooiu; 
they aie also nsehü for meteorologieal porpoees, uid are aent to 
great heights in the manner snggested by Aesmann. Bat tbej 
have very small power of resistanee, and have geneially done 
their work after making one ascent. The Italian balkxmiatp 
da Schio» pat a rabber band inside the envelope, for parpoees 
that have been already explained. 

Goldbeater*8 skin, whieh is so oalled owing to its having been 
used for beating gold into thin sheets, is ased in England for 
making the envelopes of balloons. Theee skins are aboat 
86 incbes by 10 inches; they are very light and hold the gas 
well without needing to be specially vamished. They are laid 
in layers, one upon the otber, sometimes as many as eight being 
used. Twenty-five Square feet of the skin weigh aboat 1 oanoe, 
and would probably be used in layers of five. Unlortonatsly 
they are extremely expensive» and not very snitable for oontina- 
ous exposure to the weather. There is, however, an advantsge 
in using balloons of this type in colonial wars, partly beeause 
they are very light, and 2)artly beeause the tendency to develop 
leaks is »light. Soeing that under such conditions ihe genera- 
tion of gas, to make good any leakage, would be 8 difficnlt 
matter, it will be evident that this advantage is worth 
paying for. 

Of woven materials, the most important are silk and cotton. 
Linen is sometimes used in forts in time of war, bat seldom 
otherAvise. Silk is both light and streng, bat also expensive, 
and little eapable of resisting the weather. Vegetable sab- 
stances withstand atmospheric influences better tban those of 
animal origin. In France, the military balloons are made of 
the so-called "ponghee" silk, which is of an inferior quality, 
and therefore cheaper. One layer is sufficient on accoant of the 
great etrength of the material. When cambric is used, it is 
necessary to have two layers, which are placed diagonally, one 
on top of the othcr, so that the pattern of the one is at an angk 
of 45 degroes to that of the other. This mach increases the 
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itrengtb of the covering. It is necessarj that it should be very 

lelosaly woven throughout^ and that it should be in all plaeea of 

[the same atrengtli, special macbines Uaving been designed for 

Bstirig its resisting power. All envelopea made of silk or cotton 

luire to be varnished in some waj- Tbe oldesfc method was to 

icoat it with rubbt^r Solution, as proposed by Cbarlea, applied by 

|hot roUers, TIub is also vulcanised witb öulphur, whieh belpa 

to preaerve it. Howevei% light has tbe eflfeet of gradually dis- 

integratlng rubber, and tbis can to some extent be prevented by 
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Augsburg. 

colouring it witb a yellow paint. A better plan ia to varnish tbe 
en\*elope witb linseed oil, though it mußt be admilted tbat it 
has tli© luipleasant property of becoming very eticky in bot 
weather. Great care njiist be taken in etoring such balloons, as 
they ar© very üable to catch fire sponlaoeously* The metbods 
that were employed in making the cid varnishes are unfortunately 
HO loDger known. Several otber tbings have also been UBed for 
making the cove rings airtigbt ; biit notbing better is known than 
linseed oil varnish, or robber Solution, One square foot of 
**ponghee" silk, as used for Freneh inilitary balloons, with 
five coats of varnish weigbs 1''2 ounces^ and one square foot of 
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double thickness of cambric with five coatings of rubber Solution 
weighs about one ounce. At any part of the covering where the 
wear and tear is likely to be specially great it must be stiffened 
by an extra layer ; this is pariicularly the case at the parte in 
the neighbourhood of the valve. The spherical covering is 
made by sewing together a number of pieces of the material, 
the breadth of these pieces depending on tlie width in whieh 
the material is delivered. It varies generally from 20 to ^5 
inches, and about 2 inches must be allowed for the seams. The 
number of widths of material that will be needed can be found 
by dividing the known circumference by the width of the stnff. 
There will be a certain amount of tapering at the top and 
bottom, and instead of tedious calculations, this is ußually 

adjusted by some sort of pattem, tlie 
bottom being of course exactly the 
same as the top. There are many 
different ways of working to pattems, 
and Professor Finslerwalder of 
Munich has proposed several new 
methods, by whieh a saving of 80 per 
Cent, of material can be obtained. 
Ile inscribes a cube in the sphere, and produces its surfaces tili 
they intersect the surface of the sphere. In this way, eix Square 
pieces are formed with twelve dividing lines, three of whieh meet 
at a Corner. It is easy to see from the diagram how the pieces are 
put together. The seams are covered with strips, both on the 
inside and outside, whieh are mode to adhere with rubber Solution. 
At the bottom of the envelope the tubulär opening, used for 
iiiflation, is secured to a wooden ring. It is generally left 
unclosed, bo that, as the balloon rises, the gas can freely 
escape. A Frenchman, named Mallet, devised an arrangement 
l)y whieh air is prevented from being sucked into the balloon, 
and used it on one of bis expeditions with suecess. Heremained 
in the air for lUJi liours, and covered a distance of 660 miles. 
1 he neck is joined to the ring by lopes ; by eutting away these 
ropes the baHoon will fall like a paracliute, in case it should lose 
its gas. 
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AI the top of tbe ball« on is placed the valvei whicb is eitber in 
Ihe form of a disc or of the butterüy type. Streng springe are 
iised lo close it after it has been openecl for any piirpose» and the 
val%*o is made tight by preösing ifcs sharp edge against a rubber 
seaiing. U was 
ihe general cus- 
tom, years ago» to 
bite the valve 
with Bome kliid of 
cement to make it 
fit tighter ; bat 
Üim plan was 
given up, as it 
was found that tbe 
valve no longer 
filted tigbtly alter 
it had been once 
opened- The valve 
13 opened by a 
cord, wbich pasBes 
Lhrough tbe inHa- 
Uon tube to the 
top of tbe balloon. 

On the CO ve ring 
Lhere is a Btiip. 
wbieh beging at a 
diBtance of '20 ins. 
from tbe valve, 
and extends haH 
Ihe way down, 
gfadually broad- 
ening towards tbe 
bottom ; it is covered by a similar strip on tbe inside, the two 
beüig cemented to the envelope, bat not sewn. At the moment 
ol reacbing the ground, thiM ßtrip is ripped off by ojeana of 
a cordj and belps the balloon to empty suddenly, The danger 
of bamping along tbe ground ie in tbis way generally avoided. 



Fig. UUi — liiiUcon vjiivps. 
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In Germany, the ripping-cord is always used, becaose it ensnres 
a safer landing. A clever aeronant with a litÜe practica and with 
the use of the ripping-cord can alight with certainty where he 
chooses, even in a streng wind ; and thie is a matter of great 
importance, particularly in order to avoid damage to growing 
crops. Gusty winds often make the landing a matter of difficnlty ; 
but in this way it is possible to descend suddenly on any con- 
venient spot that may present itself. As. a matter of history, it 
may be stated that the first man who was called upon to pay 
damages was Testu-Brissy in 1786. Of course the greater part 
of the damage was done by the rustics who flocked to see wbat 
was going on, as, indeed, always happens ; but Testu-Brissy was 
expected to make good all the havoc that had been wrought by 
their ill-timed zeul. 

In other countries the ripping-cord is only used in cases of 
emergency. The French sew the "corde de la misericorde" 
tightly down, so that it can only be pulled with a very vigooras 
iuff. The ripping-cord was the invention of the American 
aeronaut, Wise, in 1844 ; Godard introduced it into France in 
1855. The present form in which it is used in Germany was 
devised by ^Major Gross. A safety-catch prevents it from being 
used unintenlionally. It has indeed happened that the wetness 
of the ropes has caused it to act, but luckily nobody is known to 
have been killed by such an accident, though a sudden fall from 
H t^reat lieight may easily cause a most serious accident. It has 
also liap2)ened that at the moment of reaching the ground the 
wind has blown the balloon over, so that the opened seam was 
downwards ; the consequence was that a long series of bumps 
and jolts foUowed before the balloon came to rest. This can, 
however, generally be prevented by the guido- rope. The ripping- 
panel is placed on that side of the covering to which the guide- 
rope is atlached. The friction caused by the trailing of the rope 
will cause tliis Ade of the balloon to be at the back, and any shock 
caused by the bumping of the caragainst the ground will drive it 
upwards and give tlie gas a dear passage for escape. The guide- 
rope was first introduced by Green in 1820, in order to lessen the 
shock caused l)y the bumping of the car at the moment of landing. 
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In Order to protect the envelope and to distribute the load 
eqaaUy to all its parts» it is covered witli a net which is seciired 
to the valve, and serves also to Btipport the basket* The ring of 
ihe balloon is eitber 
,, made of steel or o! 
iveral IbiekneBseB 
wood ; the top es 
T uuppt^rtiog tbe 
sket are secured 
it, BS well as the 
ide-rope and ihe 
oldiog- rope s , The 
ring itseli is hung 
from the network, 
and the basket is 
hung by a number 
of strong ropes h*om 

the ring, It carries the passengers, together ^\ith such instri^ 
meDtB and ballaat as are necessarj. It is from '2 ft* 6 in. to 
4 ft- deep, and the area of floor epace is iiaually about 4 f t, by 
6 ft., though this of course 
depends on the number of ** "^ 

paesengers it is iotended to 
aecommodate. It is proposed 
by the International Balloon 
Association to fix the size of 
ciirs, BO that they can always 
he easily carried on any 
luggage train* 
I The basket is made of 
^^attan and osier work> the 
^Hl^hole thing being, a^ it were, 

^gWoven together. The Bupporting ropes pass througb the bottom , 
" and are woven in with it, Buffers are fitted on the outside to 
take iip the shockB. It is generally padded on the insida so 
as to prevent damage to the passengera in case of heavy 
umping. Baskets are provlded in the place of eeate^ and are 
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used to hold the instramentB, provisions« eic Aeronaots vbo 
object to the use of the ripping-panel always take a grappling 
iron, which is intended to help the landing Operations, bat it is 
of course practically uselesB if the ground is rocky or frozen. The 
designs for grapnels are very namerous ; all, doabtlesB, an 
niade with the intention of improving the grip ander anfavonr- 
able conditions. The shocks which a ballocm 
Bustains from bamping on a windy day are 
only made worse if the grapnel succeeds, 
every here and there, in getting a momentaiy 
hold. It throwB a very serious strain on all 



A 
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Fl(i. lia.— Ni't ( 

bulloon. 

(Fniiii M«MHli;lNTk'!t 
" rockftUxjk. ") 
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Fi(i. 1 14.— Differcnt kinds of grapneL 
(From Moedebeck'a "Pocketbook.") 



partH of the eonstruction, and woiild appear to oflfer noadvantages 
as coniiiared with the use et the ripping-cord. Ballast is kept 
in stronj^' bags of sail-cloth, from 12 to 15 in. high, and 8 to 
12 in. in tlianieler: iliey are suspended by four ropes from 
a hüok. A large piece of sail-cloth is used to protect the balloon 
after it has l^een rolled ii[) and is ready for packing; this is tied 
on the oiitside of the balloon during the journey ready for ase. 
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The Captive Balloon. 

A captive balloon is very much at the mercy of the wind. If 
e breeze happens to be strong it will be blown hither and 
ither, and may indeed be pitched heavily on the ground. 
ith a free balloon there is a feeling of perfect restfulness, and 
> Symptom eitber of sea-sickness or giddiness. One glides 
»acef uUy along, and even the most giddily-inclined person feels 
) Sensation of discomfort. It is entirely different with a 
.ptive balloon, with its incessant rolling and Vibration; the 
scomfort is often 
5ry great. This 
iturally interferes 
ith any observa- 
ons, and the use of 
telescope is often 
lite impossible. 
he height to which 
can ascend is 
mited, and a cap- 
ve balloon can 
larcely be used in 
wind exceeding 
5 ft. per second. 




Fig. 115. — The kite- balloon designed by Major von 
Parseval and Captain von Sigsfeld. 



11 sorts of attempts have been made to improve this state of 
lings, mainly by special Systems of suspending the basket. 
ut nothing has really been eflfected by these methods. The 
)al improvement has come through the invention of the kite- 
eilloon by Captain von Sigsfeld and Major von Parseval, and 
lis allows the use of a captive balloon in a wind blowing at 
6 ft. per second. 

The main idea embodied in the kite-balloon consists in using 
longish balloon, that sets itself diagonally, like a kite, to the 
irection of the wind. Archibald Douglas proposed it about 1845, 
at the balloons that were then constructed were not successful. 
he kite-balloon is manufactured by the firm of Kiedinger in 
ugsburg ; it is now in use in most countries, and has proved 
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ondiiions. It pos.sesses the great 
parts in its construction, witli the 
Single exceptioii of the valve. 
The envelope consists of a 
cylindrical portion ahout 50 fi. 
Ion>;. with homi.spherical eDiU, 
liaving a radius of 10 ft. The 
^haIH.' is preserved by the nse 
of an air-hajz. with a capacity of 
r>.aCH.» cubic feet ; an ingenious 
arrani^ement is used hy which 
it is aiit^anutically filled by the 
wind undtT pressure. Sup- 
1 ose ihf halloon to be sh'ghtly 
inelined to tlie horizontal, and 
ihat a section is made on a 
li«>rizontal phine passing 
thnnigh the niiddle of tiie 
lower hemispherioal eud. The 
iiir-I'ii^ is theu fasteued to the 
i-.'dy of liie hallüon round the 
fd^'t* of iliis seciiunal plane, 
h is lhereft»re johied to both 
I üw lienii.spherical and cvlin- 
drii-al portions, and forms u 
M>rt of innt-r envelope, leaving, 
however, a spaee between the 
iwn. inif) which the air can be 
drivtii by the wind. In this 
^lale the halloon must be sup- 
]M)fti'd to be füll}' intlated. As 
s-nm as it rises, the gas 
t \l»ands, and the pressure on 
' ' iht- envflope would increase to 
ilu' burstin<; i)oint if the gas 
't . Ti:t \alvu is h(»\vever oponed by 
il: is i'»iiiil» ii ly fHiptied. The careful 
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Ijastment of thia rope is tberefore a matter of great importance. 

U 80on as the vohime of the balloöii begiiis to contract, air enters 

Jroogl] an oj^ening into tbe air-bag, and the valve closes of itö 

accord* A aon*retarn valve preventa the air from escaping, 

id the capacity of the air-bag is aboat 5,300 cubic feet, when it 

is conipletely filled. 
The air ie slightlj 
compresaed by the 
action of the guets 
of wind, and this 
pressure extends to 
the hydrogen and 
reacts npon the 
unvelope. This \b 
resisted by an in- 
ternal pressure equal 
to that on the out- 
side, and also by the 
ötatic pressure acting 
on the top of the 
balloon, which, ae- 1 
cor ding to Färse val's 
reekoniiigö, amoimtä 
to the pressure of a - 
cohimn of water, 0*3 
or 0*4 in. high. If 
there is a sufiiciency 
of gas the envelope 
must ahvays retain 
its shape. Äs man 
afi the pressure increases owing to the risiiig of the balloon, the 
air is pressed out of the air-bag into a " steering-bag *' through a 
connecting valve- The wind therefore automatically öUs up 
any deficieney which may arise* 

The balloon assumes an innlined position at an angle of about 
80«* or 40^ to the horizontal ; this is effected through tbe metbod 
by which the ropes are attached. It is held captive by a rope 




Fig. 



kite- balloon. 



Ventil — tiItp. Kett*' = Iwlt KittlMerwiigiiloch = hole for 

'■ ' • ' '■ " :■■■■■. :f..' =: jisflutita^ n^^^k. 

UitltmwXmnul ^ 
M'-rsaubu^ OiN'iiIii;^ 
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whieh is not atteched to ihe basket» bat to ihe front aod \mk 
of tbe balloon. Tbeae ropes are so arranged as to prevent ih 
long body of tbe envelope from being bent, and it is yery impii. 
tant tbat tbe longer axis of tbe balloon aboold be kept poiotnig 
in tbe direction of tbe wind. Tbis is effioeted by means ol i 
8teering-bag, wbieb is connected to tbe lower part of the ejus- 
drical and bemispberical portions of tbe balloon. The wind ii 
driven into tbe steering-bag tbrongb one or more non-retom 
valves, and escapes again tbrongb an opening at the bid 
towards tbe top. Tbere is tberefore a sligbt excess of presson 




Vui. IK.-I^ket Suspension. 

in the steoiin^-bag, but it must always be less than that in 
the air-hag itsi'lf, whieh discbarges into it. The result of tbe 
excess of pressure in the steering-bag is that the balloon 
ahvays follows the direction of the wind. But in order ihat 
these movements shoiild not take place too suddenly, a kite*8 
tail is tacked on behinil. and secured to the main body of the 
balloon by means of a rope on either aide. The kite*8 tau 
consists? of a niiml>er of windl>ag8, whieh look like inverted 
unibrellas, blo\\n up bv the wind, and tberefore tending to 
clu'ck any movement. lUii this arrangement has the draw- 
back tbat tlic balloon is somewhat dragged down, and a 
IHUtion of the kile-effect is lost. This is, however, nentralised 
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use of two sails, wbich are mounted at the sides of 
ly, and contribute also to an increase of stability. 
3aIloon bas no actual net. Instead of tbis tbere is a 
belt, wbich passes round tbe sides at a deptb of 10 ins. 
Jie middle line, and parallel to tbe longer axis. It is 
ä securely to tbe envelope by stitcbing, and by cementing 
B body witb bands coated witb rubber Solution. Ropes 
ached at various points to tbe girdle, but tbey migbt 

in very windy weatber to be broken. A ripping-panel 
Bfore provided at tbe front, in order to bring it quickly 

ground. Experience sbows tbat a free kite-balloon 
ins its Position witb very little cbange, if beld by a 
tacbed to tbe front, tbougb in tbis case it is generally 
l at a greater angle to tbe horizontal. 



CHAPTER XML 
Instruments. 

The most important iastrument is the barometer, which is 
used for determining the altitude. The balloonist most know 
the height to \chich he has risen, and also notdce any tendency 
to rise or fall as soon as possible. There is a ceitain slnggish- 
ness about aneroids, which can be corrected by gentle tapping. 
The inethod, which has been described, of throwing out pieces 

of paper or feathers forma a 
useful indication of a rise or 
fall, and may conveniently Sup- 
plement the use of the baro- 
meter. 

On an ascent in a free balloon, 
a barograph is always taken, 
which records the barometric 
reading on a roll of paper, and 
therefore, together with the 
notebook, forms a concise 
8ti\tement of the facts of the 
joumey. The statoscope has 
also been described, and is bj 
wo inouns iiulispt nsable. biit a compass must be takeu in any case. 
Vor nn}W'Ovo\oi:\ci\\ observations, a wet and dry bulb thermo- 
iiu'ier, prefoiiiMy of the Assmann type, should be taken, in 
orvlor 10 moasure ihe tempenUure and the moistore in the 
aiiuosphoro. Riidiation is, however, more important thanactaai 
Itiuponiture. The gas inside the balloon is warmer than the 
Mirrouiuling aiuio>phere. txcept by night, when the temperatures 
of iho iwo uro lu-arly ihe same, the gas being sometimes slightly 
iho i'oKUr of iIk- iwo, owiui: to lo>ses by radiatiou. 

li is vory luci^saiy to lake good maps of the district. But on 
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& long journej, theyare apt to be so numeroua that they are now 
otten replaced l>y maps on a v^ry small scale^ whiüh are read 
by means of a magoifying glasa» As this system is possibly a 
uialter of some geaeral interesfc for other purposes than balloon- 
iiig, it may be aa well to describe it a little more fully, The 
xnethod is dtie to an officer of the Bavarian Balloou Corps, named 
von Weinbach, who eommxitiicatad bis ideas to I)r Vollbehr 
of Hulensee- An iostriiment, called the micropbotoscope, was 
therelore designed. It couBiBts of two parte, whicb are quite 
fiep^rate from one auotber, viz., tbe eyepteee or nmgnifier, which 
is used in dayligbt, and a lighting device, whieh is used by night, 
The magnifier conBists of a ienn^ whicb is so mounted as to 



eapableof moving in slota, eiiher up and down^or to tbe right 
and left^ Micropbotograpbs, whteb represent Photographie 
red actione of mapB pablished on a 1 arger B€ab, are taken on 
celluloid films, and moimted in position between thin sheets of 
glass, two inches Square« Tbe lighting arrangement eontaiuB a 
gmall electric glow-lamp and a battery, the lamp being switched 
on and off as requiredp Tbis arrangement works well on night 
joorneyg, and it ie generally posBible to determine tbe locality 
by noting the lightB in the towns and the positions of the 
railways- The daybgbt apparatus wdghs 4 oz„ tbe bghting 
apparatiis 5 oz., and tbe coniplete thing togetber witb tbe case 
weigbs 13 oz* Tbe price ia twenty-five BbilUngs, wbich may 
eaeily be saved in tbe cost of maps. 

Il is extreme ly nc^cessary to see that the whole of tbe material 
is maiutained in tborougbly so und condition, Everyibing must 

Ä. O 
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be carefully examined before starting. With a free ballooD, thä 
iö particularlv necessarr, seeing that damage may havebeendone 
at landini; or by the ripping-cord. It is always emptied after i 




Fii;. I*J«>.— lUIkxtn bai^ket and ita content«. 

joiirnt'V ; ihe jL'as soon l>ecomes adulterated by diffusion, and it[is 
no: .u'tnerally ]>o»ible to anchor an indated balloon. Sometimes 
a 1>;il!oon V.XU lt.- loaileil with bailast and left in its inHatedeon- 




j':,, ; j: _\\ :> :.:\ ;-: r : : ■ tv^^c- jx* for rcadine niaps on a reduced 
- /. . ■ j- •:.-. ■•■ wr.h •.'.r.iinin;n:iigtioTice for night work. 

iVw'wu vliiriiii: iiu niizlit. if ilu- weather is very tine ; then on the 
no\i dav it i- ro»ihU' n o miiniie the journey with a smaller 
ninnbtr oi \K\<-KUf:i'V> ilian bi'fore. Things are somewhak 
lUlToivni wilh a t-apiivo iniUoou. which is often left in theinflated 
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B tor several days, in order to aave expenee ; when at last it 
ionger has sufficient Uft, it is eniptied and refilled. Lebaudy's 
;or-VaIIoon worked for several months with one filling of gas, 
eo it is emptied, the gas is simply paseed into the air, and is 
less for aiiy further piirpose. In Gennanj, a balloon is emptied 
meansof the ripping-eord ; in other countries« a usual method 




■ Fig. 122. — Microphoioscope in case* 

^pen the valve, or to raise the mouth of the neek* The 
^balloon is emptied through a special opeiiing towards the 
Je at the top- The ripping-panel must of courae be verylcare* 
feemented down after uae, and this ought to be done not 

ran three days and not less than one day before making 
Start If it is left for a louger time, it often sticks so fast 




it 123. — 'MJcropbotosc'ope, vvith mnguif jtng glass for use in dajlight, 

reqnires the efforts of several persons to pull it apart 
in, and in rongh weather this niay easily cause a great deal 
impleasant bumping. The opposite happens if the patch'is 
ted too ßoon before starting, or it the benzine contained in the 
ber Solution is not allowed to evaporate sufficiently before 
ting the piece in position oix the covering. 
'iie examination of the envelope on the inside is carried oot 

o ^2 
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by several persona, after it bas been fiUed with air. The mosi 
minute leaks can easily be detected; the light which passes 
througli them draws attention to tbeir existence« even though ii 
is impossible to see any trace of a hole on the outside. All sach 
holes must be patched both on the outside and inside. Benfö 
are first sewn together and then patched, and any kind of injoij 
must be made good by covering with fresh material. 

With kite-balloons it ia necessary to see to the adjustment of 
the valve ropes. The balloon must therefore be filled with tix, 
and if the valve does not open properly when the envelopeis fall, 
the connecting cord must be shortened. Everythinginfactmost 
be carefully overhauled before a start is made. Great care ii 
necessary if accidents are to be avoided, and even though it is 
impossible to avoid them altogether, it is none the less afactthat 
ihe danger in ballooning is no greater than in driving a motor 
car or sailing a yacht. 



CHAPTER XVIII. 

BALLOOMING AS A SPORT. 

Pbofessiokal aeronauts rnade their appearance soon after the 
Tention of Montgolßeres. Blanchard, Robertson, and others 
K)n found that it was possible to make a little money out 
the new discoveries, and it can be easily understood that 
le tricks of the showman's art soon brought the sport into 
scredit. 

A balloon, made out of goldbeater's skin, was sent up on 
ecember 27th, 1783, without passengers, from the Lustgarten 
Berlin by Professor Achard. In 1789, Blanchard made one 
bis ascents; but the first properly managed expedition 
th passengers was made in Berlin on April 13th, 1803, by 
imerin, who was accompanied by bis wife and a man named 
irfcner. A füll description of this journey has lately been 
blished from documents in the possession of one of Gärtner's 
scendants. It appears that the ascent was made in the presence 
the Eing and Queen of Prussia and an immense concourse of 
>ple. The start took place in the garden of the Yeterinary 
iiool in Berlin, and the balloon eventually came to the ground 
tr Mittenwald in the forest of Wusterhausen, 
^othing further was done with regard to the sport of ballooning 
Berlin tili 1881, when the German Club for the Promotion of 
llooning was founded by Dr. Angerstein. The search for a 
igible balloon appeared at that time to be as likely to be 
tcessful as had been the efforts to discover a perpetual motion. 
bherefore required no little courage to appear before the public 
khe founder of a Balloon Club with all its hopes and aspirations. 
r-seeing men, like Moltke, looked forward to the future with 
xfidence and prophesied great things for ballooning. On the 
ler band, a well-known scientific man stated in a lecture 
out that time that the idea of dirigible ballooning was an 
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** unfortimate fonn of Immcy»" and fhe organ ol tibe dub nu 
Bpoken of as a ''eorioBity." 

The well-known painfeer, Arnold Böeklin, took an aetm put 
in the practical work of the dub»^ bat withont any graat miOBUL 
He made a flying maehine in the form of a HargtaTB b(B- 
kite, and thonght to rise or fall by altering the poaitiain of Um 
sails» tmsting to the wind for any forward movement He 
entirely forgot that a kite coold only riae if held at the end ol i 
string. He invited Golonel Bnchholts, who oommanded the fiat 
Balloon Corps, to witness an experiment on the TempeKhofer Feld; 
the apparatus finally sacceeded in riaing a foot from the groondi 
and was then broken to piecea. Böcklin alwaye defendad Ui 
ideas with mach vigoroos argament, bat did not oontiniie In 
experiments. 

The dub made great advances when the meteordogiiik 
Professor Assmann, was elected president in 1890, and was aUe 
to interest the Kaiser in its proceedings. A large aom of monef, 
placed at the disposal of the dub by the Kaiser, enaUed i 
series of ascents to be carried out according to Assmsim's 
plans, the results of which have opened new prospeots for 
scientific ballooning. These will be discussed in a Ister 
chapter. 

In addition to its scientific activity, a great deal was done io 
develop ballooning as a sport. A large number of expediticms 
wäre organised by Captain von Sigsfeld and Major von Tschndi, 
amounting now to nearly one hondred every year. This oon- 
tributed to arouse a general interest in the matter. Sinee the 
spring of 1902, the president's chair has been ooenpied hy Pro- 
fessor Busley, who has devoted himself with great energy to tibe 
sport. He contribated largely to the foondation of the German 
Balloonists' Föderation, which led the way f or the long-eheriihed 
French scheme of the ** F^eration Aäronautiqae Intemationsle.'' 
The Kaiser showed his further interest in the proceedings of Öie 
club by attending a lectare on the French dirigible baUomu in 
December, 1U05, and presented a prize for a long-diatance raee, 

» See •' Twenty.five Yeara in the History of the Berlin Balloon CluV by H.W.L. 
Moedebcck, 1906. Published by K, J. Trübner, StraMborg. 
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, was won on October 14th, 1905, by Dr, Bröekelmaon, in 
tlloon " ErnsL'* 

oy people fail to see how ballooning can properly be tenned 
% seeing that the airsbip ig entirely at the merey of tbe 
provided^ of course, it is not of a dirigible type. They 
out of accounb the fact that much practiee and experience 
he aeronaut saeh control over bis surroundings that he is 



a mere novice, whose ooly idea 




f rate not so helpless as 
I to be to make as long a 
By as posaible» The 
rt joumey made in a 
m was that undertaken 
^ant de la Yatilx and 
\ CaBtillon de Saint 
r, in 1906, witb the 
tanr/' which had a 
ity of only 55,000 cubic 
:Ther itarted f rom Paris 
inded at Eorosiischeif 
iS@ia> The distance, as 
ow flies, was 1/200 miles, 
be journey laeted 35 f 
« In so far as length 
Oie ia concernedj the 
ft ©xpedition was under- 
by Dr. Wegener of the 
ratory at Lindenberg, 
>ril 5th, 1905, when he remained in the air for 52J hours. 
ler long expedition was undertaken by Professor Berson 
)r, Elias, who made an ascent for meteorological purpoaes, 
ravellel from Berlin to Kieff in Bussia» a distance of about 
lilea, 

ö ascent made by tbe Frencb aeronaut Godard in 1897 
d a good deal ol excitetuent. He started from Leipsic with 
passen gers, in a balloon of a capacity of 100,000 cubic 
ind landed at Wilna. He atated that he had passed abo\re 
ouds over a number of large towna in the east of Germanj, 
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Fig. 12^. — Professctr BiiUey, preskkut of 
the Berlin BaJIüoh Club, 
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of baltast to tlie Bim ot the balloon, and allowances can also be 
made tot the kind of gas with wbich the several batloons are 
fillecU tbough generally ibe gas would be the eame iu all caseSt 
Bale8 have been drawn iip by the Federation At'ronautique 
Intarnationalet governiog the coiiditioos of competitions, and 
tfaesa have received the approval of all tbe clubs vepresented at 
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Flo, 12."».— A t.LiMk >A ri.mdi* 



tbe Conference. The first race for the Gordon -Bennet prize took 
place on September 30th, 1906, and wa8 won by Lieutenaot 
Lahnit an American conipetitor* A aecond conipetition was held 
at Berlin on Oetober 14th, and waa won by Dr. Bröckelmann. 

Theoretically we know that a large balloon loses more gas 
iban A small one ; all balloons do not, tberefore, require the 
iiame amonnt of bailast, wbich mtist he diatrihnted somewhat in 
Proportion to tlieir Bizes* A big balloon is not so easily managed 
aa a smaller one; as It deeeends it gets up a greater speed, and 
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therefore more ballast must be tbrown out to neutralise thig. 
It is of ten said that the main thing which requires skill is to 
find a level at ^hich there is a stiff breeze. But this a coimsel 
of perfection. If the driver sees from the flight of the cloads, 
or from the pilot balloon, that the breeze is stronger at a higher 
level, he can throw out ballast, provided he has a sufficiency, 
and rise to that level. But the converse is not possible. If he 
sees from bis bits of paper that the breeze is stronger at a lower 
level, he can open the valve and descend to that level, bat, as 
already explained, it is not generally possible to remain at that 




Kn.. IJt"..- r.;i;i-<iM aftt-r the rippinp-conl has been pulletl. 

tiliitiule. Viuler normal conilitions, a falling balloon goes right 
down to ilie jirromul. If the fall is checked in any way, the 
l>alloon will rise a>;ain to the same height as that from which it 
liiis fallen, and nn\y even go higher than before. Moreover, 
experimeuts of this kind must be paid for in gas and ballast, 
and therefore tend indirectly to lessen the distance which it is 
possihle to Cover. 

The faste>t journev in a balloon was made from Paris at the 
linie (»f llie >iv*^e. The distance from Paris to the Ziiyder Zee, 
amountin^ to '2jSo niiles. was covered in three hours, at an average 
speed of ninety-live niiles an hour. The greatest speed over a 
short distance was prol)ably attained by Captain von Sigsfeld 
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Eid Dr. Linke on their fatal jouraey frotn Berlin to Antwerp, 
^lien a veloeity o! 1*25 miles an hour ^as recorded* 
In competitions over great distauces or for great lengths of 
le, it is verj imporfcant not to get worn out, At night time it 
a good plan to take it in turns, and for one to sieep in the 
itervals- WariQ clothing is an absolute necesaity, as the cold 
ly be suffieient to prevent a man from sieeping. Shoiild the 
msions run short, that may be an even more serious calamity, 
and it ia generally found that something bot to eat and drink 



m^ 



Fig. 137.— The Hofburg» VieöUÄ. 

would add to tbe pleasures of existence. Bnt lires are an 
impOBsibility, and enterpriaing peraona have therefore thonght- 
fully provided the aeronaut with a variety of tinned provisions 
which can be cooked by adding water to the qiiicklime with which 
th€ tins are Surround ed. 

Injury to health may reöult from an ascent to a great height, 
and therefore competitionB of tbiB kind are not organiaed, But 
races are started with a view to reachiug a definite place, the 
wioner being the man whocomesnearest tothe mark. Naturally 
in tbis case everything dependn on the direction of the wind, 
which must be ascertained before the Start by means of a pilot 
baUoon* Motor cars can be set to chase and capture a balloon. 
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and many other forms ol compefeitum inay be orguuBed, ol whkk 
examplea may be foand in Moedebeek's Handbook, 
ifl tbe moBt exbilarating of all forms ot sport ; tha ii 
of tbe joorney excite tbe imagination, and there is abo a ( 
ebarm in knowing so little aboot tbe jommey's end. Beton thi 
Start pilot balloons are senl up, tbe speed of fhe wind noM« 
and every likely contingency oaref ally neigbed ; plana for Um 
evening's arrangements are tben made. Bnt propbeoj is s 
grataitous form of error, and calcolations of tbiskindareeqiislly 
waste laboar. Nothing generally bappens in tbe conrse of the 
day's marcb except tbe unexpeeted. 

It seems to be generally sapposed tbat ballooning mnst caiue 
a Sensation of giddiness, and one is often asked as to tbe seoas- 
tions experienced in travelling at a forions speed tbrough the 
air. It is, bowever, a carioos fact tbat persons wbo sofEer from 
giddiness ander ordinary circamstanees entirely lose tbe Sensation 
in the basket of a balloon. Perhaps tbis is doe to tbe &ct that 
it is impossible to form any precise estimate of tbe heigbt; tfas 
basket is so small and the heigbt so great, it seems impossiUe 
to compare the two. Moreover the guide-rope always seems to 
touch the ground. The foUowing incident is an illostration of 
this fact. A certain man, who saffered from giddiness to such 
an extent that he was scarcely able to look out of tbe window of a 
room on the first Üoor, was induced , for tbe parposes of a bet, to 
undertake a trip in a balloon. After two bomrs be was able to 
get up from bis seat in the comer, and cautioosly look at the 
horizon from the middle of the car. At a later stage he wu 
able to look over the edge of the basket witboot any feeling oi 
anxiety or giddiness ; bat when be reacbed tbe groond be wta 
just as bad as before. 

In a free balloon there is no Sensation of sea-siekness, as tiie 
balloon floats gently along; but witb a captive balloon thinga 
xe very dififerent on a windy day, and sooner or later everybody 
ucciimbs. The first ascent ofifers curious sensations for the 
novice. He seems to see the earth sinking away from bim, and 
whcn he comes down again, the trees axid bonses rusb to meet 
bim and welcome bim back. The speed can be estimated by 
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In UM ja» 18B9 Gipluii ^on SigsfaU made an aaoent in tte 
co a p any of fha anÜMr and Harr von Haithanaan, and fla 
incidanti of thia jonrnaj may ba ol interaat to tha zwd«. 
Tlia baDoon ilaitad in eloar iraafliar bom Berlin, and laidiel 
Bmlan in tao hooia» tha speed having baan abont 92 mihi a 
hoor. Tba itart had baen mada midar diffieoltiaa, and no kind 
of proper balanee was poniUe, aeeing ihat Uie baUooa wu 
ahnoal Uirown to tha groond by the wind. Ordinarily, after tiie 
pasflengers have taken Üieir plaeoB, the ballast is loaded into tiie 
ear ontU the ''lift" appears tobereasonaUe. If the balloon Beena 
inclined to rise too bat when the nqMs are aomewhat al^lri^, 
baUast mnst be pat in the car ; on the other band» if it Beems 
too heavT, it most be eorreBpondiDgly lightened* Döring this 
stage it is important to keep the balloon vertieany above the etr» 
as otherwise it is not posmble to form any exaet estimate of tfa6 
lift In a strong wind this balaneing is a diffieult bosineee» and 
re<iuires great experience. Sigsfeld, howeTer, gave the oväes to 
let go : and we were immediately bumped along the groond by 
the wind, and did not sueceed in rising tili we had thrown out 
two sacks of Inillast. The balloon then rose at once to a height of 
alout *2.5i.H) f t. The inflating tobe is opened jost before the start, 
and is kept closed tili the last moment, as otherwise the wind 
would drive too moch gas oot of the envelope. If it sfaonld 
hapi^^n that the inflating tobe has not been opened, the rule is 
to eiupty tlie balloon, becaose otherwise it woold rise to a great 
height and l»urst, and it is seldom aafe to troat to letting oot the 
gas by the valve, 

The view whieh met oor eyes was magnifieent, and the great 
ä|>eed cau&ed a rapid soccession of varied landscapes. An 
express traiu, going froni Berlin to Breslao, aeemed to na to ba 
going in the opix)site direction» and waa aoon oot of aight. In 
all we had 12 saoks of ballast, and seeing that the weather was 
very cloudy. and the balloon had only been inflated with eoal 
gaii, it tiiil not look as though the trip waa likely to be a long 
one. Bin in spite of the strong wind» the balloon sailed qoite 
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stoadily along, and every now and then a few handf als of bailast 
wete thrown out in order to keep to a level of 6,000 ft. We 
wanted to remain where we were because it was colder below 
wiih a wind blowing more in the direction of Bussia, which we 
had no intention of visiting. The Austrian frontier was passed 
between Dab and Gbelm, and soon our stock of maps was 
ezhaasted. A small hand-atlas was our only resource, and 
was probably as useful as fuU-sized maps would have been, so 
great was the speed. The Tatra ränge was as clear as could be 
away towards the S.S.E., and the balloon, flying at füll speed 
over the hills and Valleys, soon reached the Garpathian Moun- 
tains. Eddies now began to be noticed, and this made travelling 
less pleasant. Soon we had a remarkable experience, which 
Sigsfeld duly recorded in the notebook. A slight vertical 
movement towards the back was noticed in the car. The 
balloon was soon thrown about in all directions, and finally 
rotated at a considerable speed. The guide-rope and the four 
holding-ropes became completely entangled; but at the end 
of a minute it all passed oflf. Soon after the guide-rope Struck 
against some trees and made a great noise, which we thought 
at first was the sound of rifle firing. 

The next place we clearly recognised was Neu-Sandec, near 
the mountains of Galicia. The place was only seen after passing 
the heights of Chemieeka-ga, and it was therefore impossible 
to land owing to the great speed. We thought it might be 
possible to find another track on the other side of the Car- 
pathians, but this idea had to be given up, because the mist 
and fog made it at times almost impossible to see anything. 
The valve was therefore opened, and in a side valley, immediately 
to the south of Bogusza, the ripping cord was pulled at a height 
of 80 feet. We landed in deep snow after being bumped along 
the «round for about 20 yards ; luckily the hills broke the 
violence of the wind. Just before landing we noticed two men, 
who appeared to be foUowing the balloon. We shouted to them 
to come and help, and also blew our torpedo-boat whistles ; but 
they were nowhere to be seen. At last we found them hidden 
away behind a stack of wood, trembling from head to foot. 



•208 AIRSHIP8 FAST AND PRESENT. 

They said tbat they had never seen a balloon in their ]m 

before, and supposed tbat it must contain some emisBaryofibe 

devil ; and the uneartbly noise made by the goide-rope as it 

crasbed tbrougli the trees had only added to their fri^ 

Gradually they took courage wben they saw tbat tbe ballooo 

had almost diaappeared in the snow, and fetched otber wool- 

choppers to come and belp. Finally the paeking was finished 

nfter many misunderstandings, mainly due to cur imperixt 

knowled;:e of the local dialect, and the balloou was put od t 

sled^^e and taken to the village. Here we were informed by tbfl 

lociil lua^istrate tbat oiir journey was to end, and that we must 

consiiler «nirselves under arrest ; our movements were indeed ao 

suspicious tliat we eould be nothing better than spies, and his 

opinion wouKl probably be confirmed by bis superior authorities 

in tlif conrse of a few days. We protested loudly and showed 

liini oiir i^assiH^rts. but tbis was of no use. The Magistrate was 

uiuiMe t» rea»l German, and consequentl}' our passports were 

litrle iH'ttt-r than waste i)ai)er. He refused to send a telegram 

t.» lua liu:i!u !-. aiid l-flievin«; us to be Bussian offieers, treated 

II- \\::h -im:i: courusy. Xotbing remained but to do as we were 

ii»lii. \\i i'u: iip in a room of tbe village inn, which was the 

»•:.ly avaiLii'if acv-oniiuodation, and devised a plan by which we 

\\i w !•» ctt liir htlp of one of the villagers who could speaka 

liii.f (itriiian. aiul >end a telegram to our ambassador at Vienna. 

Tlit mau liaJ aht adv Jone what he could on our behalf, and 

hl' was readily iiuhict-d lo act as guide. Under cover of dark- 

noss. aKnit 0.30 p.m.. wo left the house, and went on foot to 

Kami, nkawiolka. whi-re was the nearest telegraph offiee. The 

>n,nv r.avl lif^iin to moli. and the road crossed a little swoUen 

Miriam alsMit ton timos. Sonietimes there was nothing better 

than a t^vd. and soniftimes the trunk of a tree served as i 

shi^pivv iriiiio. li was now pitch dark, and rain was falling 

htavil\. Wo nao'r.tvl ilio toK^izraph offiee in three hours, and 

>vni a ii'.t^iani i > :i.o ma^zisiraie at Grybow, seeing that it was 

in lii< |uv\:iM \\i had made our uulucky descent. It was 

liiiMWihi unwiM :.^ uU-iirapii lo the German Euibassy according 

'..» our ori^üinal (^ian. and »e thtitforo asked the authorities at 
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ybow to instruct the magistrate who had arrested us . to 
3 effect that he was to let us go and hand over to us all 
r goods and 
attels. 

I thereupon 
^ntheretum 
arney,andwas 
3rsaadedbymy 
aide to spend 
le night at his 
onse^which was 
1 a wood at a 
bort distance 
rom the high 
oad. The kit- 
henofhishouse 
?asoccupied by 
variety of ani- 
nals, and the 
ther apartment 
rasofthenature 
I a bed-sitting- 
oom for the 
ntire family, 
rhich ineluded 
bildren, par- 
Qb, and grand- 
arents. Amid 
ich Surround- 
igB, I was only 
4e to eat a 
ople of eggs, 

ough in reality I was very hungry. Violent gesticulations 
Howed, and I was ultimately led to understand that this hos- 
bality must be paid for on the spot, though the sum demanded 
ömed somewhat out of proportion to the benefits reeeived — at 
^Bt 80 I thought. A very small room, ordinarily occupied by 




Fig. 129.— Water anchor for balloon. 
(From •* Die Umschau.") 
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the head of the lamfly, was asaigned lo me as a bedroom, and I 

was invited to retire. So I laid mysalf on the bed in fall ontfoim. 

with my sword at a oonvenient distance, as I conld not hdp 

feeling that the oontiniied whispers of father and son were not 

reassnring. The sitoation was certainly not very enooungin^ 

I was in a shanty, away from the high road, in the middle d 

the Carpathians, among people who looked almost like briguda 

Not a word of their language coald I onderstand. They probably 

knew I had some money aboot me, and my sleepy head was Booa 

fnll of all the highwaymen of whom I had ever heard. "Whit 

added to my saspicions was the fact that every now and then 

the father came to the cartain, which served as the door» and 

peeped in to see whether I was asleep. Naturally enoogh I 

suspected him of the most sinister designs, and clntched at mj 

sword as soon as I heard his footsteps. Lockily this State of 

tension came to an end aboat 12.80 a.m., when there was t 

knock at the front door, and an Aastrian poUceman demandfid 

to know wliether I was there. The authorities at Grybow had 

sent the man in answer to my tele^^m with Instructions to do 

what was wanted, and accordingly he was on his way at the dead 

of nip;ht. He reassured me as to the character of my hosts, and 

Said that their account of the matter was they supposed / was 

going to kill them, otberwise why did I take my sword to bed 

with me. Now I began to understand the stealthy visits of the 

father, who had only been anxious all the time to see that I was 

not meditating a descent upon his unprotected family. The 

gendarme left about 1 a.m., and I was soon asleep. 

The next day I went to Grybow, where general indignatioo 
was expressed at the proceedings of the magistrate at Bogoaa. 
Tbis wortby was not a little surprised at the turn events hai 
taken, and did his best to make amends by providing a sledgi 
with six oxen to carry the balloon to Grybow, where Sigsfeld and 
Haxthausen arrived in the course of the af temoon af ter a verj 
toilsome journey. AlFs well that ends well. We were reoeived 
in the most friendly manner at Grybow, but notwithstanding 
this, we should recommend the balloonist to steer clear of the 
backwoods in the Garpathian Mountains. > Still, it most he 
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ted that thia sort of accident is very uncomtnon in Auatria ; 
Bm dlfticulties Bometimes arise. It Is not uncominon in 
to receive the most hoBpitable welconic on ianding, but to 
iged to Bubmit to a most weariBome cross-exammation 
beitig allowed to depart. Still, it is piirt of a balloouiät's 
to learn to estricate himsell from tight places of one 
another, and if he should have the miftfortune to he 
^ed in any stich 
Iture, he can con- 
himself with th© 
Kion that variety 
npice of life* 
(ich enjuyment is 

9 derived frotn a 
ley over a lar^e 
Hee of water. 
ja is undoubtedly 
I danger attacbed 
I for desceotB into 
|r are always at- 
kdwithrisL The 
I iisnal trip of tfais 
\ hüB 1>een acroäi^ 
[EngHsh Channel, 
pddlj aiiougb, tbe 
I bas generally 
\ made from the 
ich coast. The direction of the wind is not m important in 
m from Dover to Calais as it is if the journey is made in the 
Ißite direction. In tbe one case» the wind may veer througb 
ly 90 degrees on either side betöre tbe halloon wonld he 
bd out to sea; vvbereaB in going from Calais, a deviation of 
(Dgrees would be Bufficient to prevent a landing, 

li Engliabman, named Greenj proposed in 1837 to fasten a 
er of biJcketä to tbe gnide rope, and drug tbem througb tbe 
He tbought this would help him to guido tlie baUooiij 

10 would naturally only be helped by such local currents 

p 2 
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as existed. A Frenchman» named THofite, experimented litk | 
similar dragging deviees. He made Beveral trips, of wiiidi h i 




Fig. 131.— Couut de la Vaulz' balloon oTer the MaditenaneiüL 

most remarkable were those from Cherbourg to London and from 
Calais to Yarmouth. Bat on November ISth, 1887» rHoste and 
bis compaiiion, named Mangot, were drowned. One of bis 




Fk;. 1H2.— liasket of Cuuut de la Vaulx' balloon, showing the demton. 

countryiuen, iiamed Herve, continued these experiments, and 
inade many succesäf iil expeditions. He used floating timbers in 
conjunetion with sails, and succeeded in producing a deviation 
of about 70 degrees from tbe direction of the wind. Such 




riators" consiet of a frame into which a number of sferaighti 
Dnt pieces of wood are fitted, one belnnd the other, somewhat 
c tbe fsöhion o! a laclder, From the ends of this contnvanee, 
ß are laketi to tbe baUoon, hy meaiiä of wbich the position 
le rungs can be altered 80 as to present a variable angle to 
csoarse of tha balloon* If the runga are placed parallel to 
ürection of flight, tbe balloon is aabjected to a slight braking 




bat tbe directioQ of its course Ib uDaffected. If the 
8 placed obliquely, the reBietaDce, diie to tbe water, is 
Sknd the halloon'ä courge is detlected to that eide on 
\h the rope hm been shortaued. 

füTkl de la Yaulx has a balloon Bpeclally arraoged for euch 
r expeditions. He bas ao aii'-bag, Avbich is not a necesaity 
le case of a free balloon ; but it beips to preserve tha sbape 
m envalope» seeing that from soma points of viaw bis balloou 
be considered as being of the captive tytie. Many failures 
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Imve resalted, bot a man of his energyis not easily beaten. TIn 
ear of his balloon also contains a small motor for drivbg a pn- 
peller. His plana have been well laid» and he thinks theie is n» 
danger in making a deaoent on the vater. His water-andior 
produoea such a braking action that in ease of need ti» 
accompanying steamship oonld easfly overtake him. Otli« 
have talked aboat erossing the Atlantic ; bat schemes of this kind 
are too mach in the air to be worth serioas discossion. Se?Bnl 
attempts have been made to cross the sea from Germany, trat 
these have mostly been in the neighboarhood of Kiel or Jutland, 
where there are a namber of islands convenient for a deaceni 




K:i.. i:i4. Vv\ :At.«r ••fferinj: the maxiumm rcsistance. 
tKn.iin " Dif Uin»chaa.") 

lUit siuh trips have no real value, and the risk of Coming into 
tht' wator is tt>o great to justify them in most cases, thoagh an 
t'xoeption niay certaiuly be made if there is some distinct 
soieiititie objeet in view. Two soldiers belonging to the Prassian 
l>alloon Corps were nearly drowned on March 24th, 1906. They 
hail l>oen for some time above the cloud level, and on descending 
fouiul tluy wtTo over the Baltic. All instruments were thrown 
away, the haski't was cut adrift, and they even threw away some 
of their clotliin-:. Finally the balloon drifted over the land ne«r 
Karlskrona : if the coiirse had been a little more to the east,they 
woiild undouhti'illy havo been drowned. 

A ehanfre in ilie türection of the wind may bring serioiw 
oonse<[iienoi'S, and the danj^ers of a journey across the sea may 
he well ilhistrated hv an account of a journey which the author 
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made with the meteorologist Berson of Berlin, ou January lOth, 
1901. The Start was made at Berlin, and the descent took place 
at Markaryd in Sweden. There were many lucky cireumstanees 
in connection with the journey aeross the sea. In the first 
instance it was intended to make a high ascent, and the basket 
was furnished with instruments for this purpose. But the sky 
was cloudless, and it seemed likely to be possible to remain at a 
moderate altitude for some time without any great loss of ballast. 
The idea of crossing the sea was then considered, and the original 
plan was given up. The first consideration was to be able to 




Fic, Vd'\ — Ücviator offering the niinimum resistance. 
(Froni •' Die Umschau.") 

reach the coast with a suflBciency of ballast, but other things had 
also to be taken into aecount. Generally speaking, the balloons 
which Start from Berlin have lost too much ballast by the time 
they reach the coast to make it possible to continue the journey. 
A fortunate circumstance in connection with our journey was the 
fact that the wind was blowing towards the north, and at a low 
level it was indeed blowing towards the north-west. The usual 
wind is from the south-west over the northern hemisphere, and 
this carries a balloon from Berlin too far towards the east to 
make it possible to cross the sea. We were also ablo to judge, 
from the time at which we arrived at the coast of the Baltic, that 
we should be able to cross the Baltic in daylight, supposing that 
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the wind did not drop. As a matter of fact, we did not actaallj 
reach Trelleborg tili after dusk, tbough ander the circumstances 
we were, I think, justified in undertaking the joumej.' Bothof 

US might fairW 
be consideredto 
liave had experi- 
enceinthework, 
and we agreed 
that the crossisg 
miprht safely be 
undertaken; so 
that had any ac- 
eident resulted, 
neither would 
have had tu 
reproach himself 
withhaviiigaloDü 
undertaken the 
responsibility. It 
geiierally hap- 
pens that on ä 
balloon tbere is 
one exi)erience<i 
aeronaut, and 
the rest of the 
passengers are 
without any 
special experi- 
ence. It is there- 
fore iniiX)SBible 
to submit any 
proix)sal to the 

votc, (veii tliou^'li llic i)asstnger8 have already made several 
tiips Mild will in lime l»tconiL' experienced men. The man 
wlio 1(;i(]h tlie (xpediticni lias to bear all the res^wnsibility 
in case <»f accidt*nt, antl should it appear that he has not 
given tli(; Word of conimand witli hufiieient eniphasis in an 










FHi. \'M'k — Mnp showinL' the courso ( f the balloon 
fr« tili lU-rlin to Markarvd. 
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cy, he is likely to lay him- 
to tbe severest censure. 
Spedition was intended to 
ed to meteorological pur- 
id the basket, which was 
.11 and uncomfortable, was 
, with the requisite instru- 
W^e had warm clothing, and 
>f provisioi}s, and set sail 
jly at 8.17 a.m. The 
ure at Berlin was 21° F., 
where it was colder still, 
[oon passed from Berlin 
targets at Tegel at a height 
) 600 ft., where a second 
'ith recording instruments 
up from the Aeronautical 
)ry. We soon found tliat 
below 2,500 ft. we were 
ven very slightly towards 
, at levels between 2,500 
9 ft. the course was due 
1 at still higher levels there 
Lght tendency towards the 
e temperature, too, rose so 
t we were glad to do with- 
irs. Atalevelof 3,000 ft. 
)erature was 27° higher 
le gromid. Generally the 
!older at higher levels ; it 
o expect a decrease of J° 
ise of 100 ft., and therefore 
esent case we might have 
to find the thermonieter 
wrn to zero. As a matter 
he thermometer did not 
he freezing point tili we 
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reached an altitade of 8,000 ft, and at 10,000 ft we reachel 
again the temperature of Üie groond level. We were unaUe 
to read the Iowest temperature, beeaoae ihere was no lig^ 
and we had not provided oorselves with an electric lamp. Tfaa 
sky was cloadless, except for a small amoont of cirras whieh 
seemed to be at a great height. A thin mist oovered the 
ground, and the balloon floated above it without throwing out 
any ballast. Herr Berson had studied the state of the weither 
Oll the evening before the start, and it was seen that there 
was a steady south-easterly wind over all the parte between 
Berlin and the north- west. It therefore seemed likely that it 
niight be possible to cross the Baltic, and we consequently took 
niaps of Denmark and the south of Sweden. He told me hia 
plan after we had been under weigh for an hour and had reached 
the Finow Canal. The various possibilities were discussed, and 
the fact that the wind was more westerly at a lower level m 
much in oiir favour. It seemed certain that in any case ve 
coiild reach Denmark, as our speed was aboat 25 miles an hoar. 
Our only fi^ar was that wemight have a long journey over theeea 
sliglitly towartls the east of Denmark ; but there seemed to be 
no reasonaMe jjrohability of the wind shifting to the east and 
carryin<^ us tlitrefore right out into the open sea, which would 
exi)ose US to a niost serious risk. We did not make up our minds 
all at oiico ; it was at a later 8tage,when we reached Neustrelitz, 
tliat we (leiinitely resolved after further careful deliberation to 
cross the Jialtic. The view from the balloon was splendid; we 
heard a {leculiar, dull sound as we crossed small lakes with their 
tliin covering of ice, caused, as we supposed, by the Cracking of 
the ice. Every now and then we heard shouts of the beatersat 
a slioot ; l>ut otlierwise nothing broke the stillness of the air. 
In fact it soeiut'd to me as if this journey was mach quieter 
tlian usual ; we seldom heard the wheels of a cart or the shouts 
of the scliooll)oys ; onlinarily the balloon is greeted with shouts 
jit (,'very villa^i* it passes. The pigeons, as usual, were terribly 
fri^ht(^nc(l : no doubt they think that a balloon is some gigantic 
l)inl of })r('y, and faney tliere is safety in numbers. 

Tlie recordiiJg balloon was at a great height above our own, and 
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was partly hidden in consequence. Suddenly there was a great 
jolt, and a peculiar noise drew our attention to the fact that one 
of our sacks of ballast on tbe outside of the car had tumbled ofif> 
and that we had suddenly been shot up a few hundred feet, which 
was the last thing that we had intended to do. Tbis point was 
duly noted on tbe curve which recorded our height by a sudden 
upward bob between 10 a.m. and 11 a.m. We passed Neustrelitz 
and Demmin on our left, and Neubrandenburg on our right. At 
1.15 we reached the coast at Stralsund, and passed Eugen. We 
could see a number of fishers with their nets on tlie ice, trying 
to catch fish out of the holes. At Stralsund the water was also 
frozen ; we could clearly see the Channel for the ferry boat between 
Stralsund and Rügen. At two o'clock Bügen was left in the rear, 
and we were over the open sea. The Baltic was free from ice, 
and fairly calm ; but we could see the foam of the waves, which 
glistened brightly. There were multitudes of gulls, who were 
rauch perturbed at our appearance and ttew anxiously hither and 
thither. We fixed our precise position on the map, and it seemed 
that we had come slightly to the east, but not suflSciently to 
cause any anxiety. 

The view over Bügen and the chalk cliffs of Stubbenkammer 
and Arkona was splendid ; the atmosphere was perfectly clear. 
On the horizon we could see the coasts of Sweden and Denmark, 
looking almost hke a thin mist ; east and west there was nothing 
but the open sea. About 3.16 the balloon was in the middle of 
the Baltic ; right in the distance we could just see Bügen and 
Sweden. The setting of the sun at 4 p.m. was a truly 
magnificent spectacle. At a height of 5,250 ft., in a perfectly 
clear atmosphere, the eflfect was süperb. The blaze of colour 
was dimly reflected in the east by streaks of a bluish-greeu. I 
have Seen sunsets over France at hei<j;hts of 10,000 ft., witli the 
Alps, the Juras, and the Vosges mountains in the distance ; but 
this was quite as fine. The sunsets seen by the mountaineer or 
sailor are doubtless magnificent ; but I hardly think the spectacle 
can be finer than that spread out before the gaze of the bal- 
loonist. The impression was increased by the absolute stillness 
which prevailed; no sound of any kind was to be heard. As 
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soon M ihe son went down, it was neeessary to thro^ out fiomfi 
ballast owing to ihe decrease of the temperature. The higbe^ ^ 
temperatare registered by the bladk-bnlb thennonjeter was 79' f., 
the balloon bemg at that time over the Baltie. Kow tt eonl^ \t% 
put away» as there was no move work ftnr it to do. Even tnth 
the oompass we ooald not teil in what diraetion we were mo\4i)g; 
the gnide-rope was trailing thiongh the waieTp hui il was müem 
for telling the directum of the motion. We noticed Ibe directicffl 
in which the sand seemed to fall when we ihrew ont tbe 
At a great height we coneluded that we were beiiig drr 
towards the east very slightly; at lower levels the t^nd^q 
was towards the west. It therefore seemed eloar ihat U 
conditions remained unaltered we should be driveit ttUght 
towards the east. But this had to he prefenled at all 
and we therefore kept as high as possible in Order io get a wt 
of the easterly breeze. Soon land eame in sigbt, Dnring 
three bours we bad been over the wafter we only ^aw 
steamers. One of them directed its oonrse towarda oa 
first, as we thoiiglit ; but soon it went on its way^ as it seeo 
we bad no iieed of belp. It is useless for ihe aerouaut tci reekq 
on belp from a Ktean)l)oat under such circoniBiaDceB. It i& 
every steaniboat tbat cau come far out of its eourse on the et 
cbunee tbat belp is needed ; besides which» tbe difierenoe 
speeds may be so great Ibat belp, if it does arrive^ woold be 
late. 

We reacbed tbe Swedisb coast abont 5 o'cloek, und pQ 
over Trelleborg at a beigbt of 2,000 ft. The quesiion ihm anm^ 
as to wbetber to land, or to continue doring the night. Althoagh 
it was well past sunset, tbere was sufficient lig^t in eonsequenoe 
of tbe Buow to see our way to tbe ground, and to land quite 
easily. It is always a little awkward to land in a stränge 
country af ter dark ; luoreover, we wanted to do more meteorological 
work. It was tbouglit tbere was still sufficient ballast to take na 
up to a niueb greater beigbt, even allowing for necessary losses, 
and tbe balance of tbe argumenta seemed to be in favonr of 
deferring tbe descent. 'We therefore proposed to continue for 
another sixteen bours during the night in spite of the cold. We 
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re able to §66 a good distance ahaad, aod if we should rf^aeh 
m eea either on the east or the west, there woulA he plenfcy of 
liiiie fco descend before Ave shoald be in anj serioiia daugör. 

W© Ware now tjuifee low down, and going almost direct for 
Malmö, wbicb would probably be left on the right-hand side. 
Bttt this did not siiit onr plaas, as i\ drift towards the west might 
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Fig. 13tt. — SU)ckbolui seea from an »Ititudu of 3,iH>ü feet. 
(niotogmpn ty Oalur lljildln.) 

bring us over tbe sea long before the fifteen hours were over. \Ve 
ih^rt^fore threw out a lot of batbst and rose higher tbati eveiv 
fcting into a soiitherly breeze, Malmö was therelore passed on 
the leffc, and the^ university town of Lund on the right. After 
ihij* the map was of no further use, as it w^as quite dark and we 
had no lamp. The whole outlook was lik© a transformation sceue. 
Flocds of Hght rose up from Trelleborg, Malmü, Copeühagen, 
Landäkrona, Limd, Elsinore, and Helsingborg, wliile the littli^ 
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l*»\viis lifiu'iith nur frei sparkled with many li^hts. \Ve were nov 
ai :i Ihi^^lit of in(»n* llmii 10,00() ft. aiul consequeiitly aW ihese 
plai't -^ weil» wiiliin si^'lii. The Kli^^teiiin^; effect of ihe snow was 
h(i>^'htoii(Ml hy tlu* hla/f wbich poiired froni the liKlithousesaloug 
ilu* cna>ts nf S\v(Mh>ii aiui Deiiinark. The sight was as ^ouderfal 
as ihai of xhv Minsfi had heeii, though of a totally different 
iiMiun*. \Ve Hiipixtsed llie light in Malm*» to l)e from arc lamps; 




l !■.. I ." M «.i:.!:- ;i..':ii. >rvn lioiii llu' ttlSt, ^llüW:u^; uImi tlic Keo aiiJ 
Ht»hli;ilon ;jlacifi's, 
I ]'i.ii:<<^r:t|ih by S]ii'It»Tiiii ) 

i\> i»riulinn>:* wa.s vt rv inarkud. We fuund later oii visiting the 
inwii iImi \\uvr \\a^ HO i'k'clric li^dit in the sireets, but only 
\ViI>liaili lmriii'i>: vti iho t-tVcct i)roduced in the distance was 
rtally iiiilliaiii. 1 lu- l'olr-siar was our guiding light : the com- 
lni>.s \\a> ii>t Ii >> in ihr «laik. \Vi* also guided oiirselves to some 
cMcni l'V ihr h'-hi-- ht luw, aml as M)on as we saw lliat the cour»e 
was um k\\u- imnli. in.nt» lialhi>l was thrown out, and at ouce 
Wf ^«)i li'^iiiw inio ihr .sDUtlinlv brerzt*. There seemed now to 
l'f no itinlrncv to drit'i l«)wanK ihe easl. 
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Sometimes there was a slight mißt on the ground, but this 
obstructed the outlook very little. Soon we were Struck by the 
tskct that the earth seemed to be covered with dark patches. Herr 
Berson thought there were clouds beneath us, through wliich, 
here and there, we could see the shining snow. I had better 
eyes tfaan he had, and thought I could see lights in these dark 
patches. My theory was that the dark spots were villages where 
le enow had mel()ed, but we soon found this was not so. Gradu- 
lly everythii]g disappeared beneath us, and it was evident that 
le clouds had closed up, covering the earth from our sight. 
rhat was to be done? The blaze from the h'ghthouse in the 
iay of Halmstadt had been too close to be pleasant. We were 
»oving rather to the west than to the east. It was just possible 
aee the pointf^r on the aneroid, but even supposing we kept 
the same level we might quite easily get into a current and 
carried to the west. The only prudent thing to do was to 
jine down at once, and this we did. We found out later from 
le weather-chart, published that evening, that in the middle of 
l^eden and soufch-east of Norway a north-east wind was blow- 
ig at 8 p^m^ while in Copenhagen, the Kattegat, and Jutland 
was from the eouth or south-east. If we had continued, we 
ftboald hav© been carried across the Kattegat and Skagerraek 
ito the North Sea, and sooner or later the balloon would have 
Ben at the mercy of the waves. 

The valve was opened and the balloon descended through the 
thick clouds. We could see nothing, but the little jerks showed 
U8 that the guide-rope was touching the ground. In a few 
seconds we saw the ground, and soon learnt that we were 
descending into a forest which enclosed a number of small 
lakes. At once more ballast was thrown out, and we skimmed 
along over the tops of the trees. Soon we crossed a big lake, 
and saw a place that seemed suitable for a descent. The valve 
was then opened, both of us gave a tug at the ripping cord, and 
after a few bumps we found ourselves on the ground. We liad 
come down in deep snow on the side of a wood, about 14 miles 
from the railway Station at Markaryd, in the province of Smaa- 
land. We packed up our instruments, and began to look out for 
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a cottage ; bat this is not always an easy task in the dead of 
night in a foreign country. In a quarter of an hour, we found 
a farm, and succeeded in rousing the inmates. A mach more 
diflicult Job was to induce them to open their front door. Em 
were two men, talking some sort of double Datch, who saddenly 
appeared at a farmyard, miles off the high road in the middle ol 
the night, and demanded admittance. Berson can talk six 
languages, but unfortunately Swedish was not among them. 
Cur Situation was far from pleasant. Berson begged in the 
most humble way for shelter, while I contented myself with 
Walking up and down, as I was unused to negotiations of this 
kind, and unahle to add anything to his convincing argumenta. 
We thought at least Ihey luight ultimately admit one of us. At 
the end of threeM|uarter.s of an hour the farmer, who tamed 
out to be a vt*ry pleasant fellow, opened the door. We showed 
him sonie i)ietures of a balloon we luckily had with us, and they 
then be^^an to understand the Situation. We were then received 
with truly Swedish hospitality, and provfded with supper. Thej 
eveii i)ropos(ul to let us have their beds; but this we naturally 
(leciined with niiiny thaiiks. After supper we set out to search 
for the l)jillooii, aiul were guided by theson and daughters of the 
faiiiily, who l)roiight a läutern with them. It was soon found 
and roUed up as well as was possible under the circumstances : 
the iu-^trunieiits and niaps were more carefully paeked. We 
then wended our way back to the farmhouse. The yard eon- 
taiiKHl Ileus, pi^'S, cows, and sheep; an empty corner was found, 
whicli was well paeked with straw, and served as a eoiich for cur 
tired linibs. We covered ourselves with great-coats, and tried to 
sleep. But the ttanperature was 10^ Fabr., and as the place was 
only an outhouse with the boards roughly nailed together, and 
the wind wliistliii;^ tlirou^h the cracks and crevices, we were not 
sorry wlieii the cla\li|^ht came. We got up and were glad to 
warm ourselves before the lu'e, while they fetched some laboarers 
froui llie ni.'Xt farni, wliich was a couple of miles off, to come 
and liel[) us park up our l)alloon. It was finally done, and we 
niana^ed to inake ourselves understood through talking English 
to oiK* of the lal)ourers, who had lived in America for some time. 



BALLOONING AS A SPORT. 225 

^e then parted from our host on the best of terms, and set out 
m a sledge for the railway at Markaryd. Such an extraordinary 
ttvalcade had never before been seen in those parts, or probably 
kiiywhere eise for that matter. At the front was the basket ; at 
he back was the roUed-up envelope, bound round with the ropes, 
knd Standing up on edge, on the top of which we seated our- 
elves, one behind the other, and acted as drivers. We only 
•egretted there was no camera to take a picture of the group. 
The rustics looked at us with open eyes, and probably thought 
ny uniform looked a little stränge amid its surroundings. They 
preeted us in friendly fashion, but realising that we were 
öreigners, they asked no questions. Our horse managed the 
lills remarkably well ; we switchbacked up and down, and the 
f?hole thing was done automatically without the driver's inter- 
'erence. Every now and then it looked as though we should be 
anded in the snow, but the heavy balloon steadied it at the 
sritical moment. Soon we reached a sort of high road, very 
ailly still, but better than before ; and after a drive of three 
tiours, we landed safely at Markaryd at 5 p.m. We first went to 
the telegraph oflSce to allay the anxiety of our friends, and after 
a long eonversation, carried on for the most part in dumb show, 
we discovered that this was only a telephone oflSce, and no tele- 
grams were taken in. But our troubles were near their end, for 
we foimd a Stationmaster who was able to talk German. We 
handed him our messages, and he sent them by telephone to 
Hessleholm, whence they were forwarded by telegraph to Berlin. 
We paid off the driver, and packed the balloon on the train, being 
glad of an opportunity of gettiug something hot to eat and drink 
at the little railway hotel. 

Our messages evoked an unexpected response in the shape of 
telephonic enquiries from the Swedish new8pai}er8 at Malmö, 
Stockholm, Wexio, and other towns, wliich reached us long 
before our telegrams reached Berlin. Our balloon had been 
noticed as it came across the Baltic. Accordingly we gave 
particulars to the Stationmaster, and he relieved us of any 
further bother. 

We reached Malmö next day, and I called on the officer 

A. Q 
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coinmandiiij; the re^inient of hussars, which xvas stationed 
there. We were received in a most bosi)itable manner, and 
inviled lo join llieir uiess, after which we were driven round 
!^lalmt> and the nei^hhourhood before makinp; our departure for 
C'oiK»nhaj;pn on the way to Berlin. Our journey had been 
thoroußhly interesting with its ups and downs, and we feit, even 
froin the seientilic point of view, to have coUected facts of some 
iuiiH)rtanco. 

A few figures will give some impression of our general refiolti. 
The total distance travelled across the water was 77 inileB.( 
which 50 niiles was over the oyteii eea. Our mean speed 
\Mh fi. iKT second over ihe whole journey; in Germanyit 
] 1 f t. ptr second ; over the Baltic 83 f t. per second ; and i^| 
Swcdon "lii ft. |>er sooond. The tenii>erature at the momoitj 
sliirlinj^ was ±2 1\ : at a hei«;ht of 2,200 ft. it was 4BP 
ai H.*20() ft. it was 11 F. : and at 8,000 ft. it was al 
fnc/.iiig poiiit. As for the recording balloon it st 
H.W a.in.. and huultd at 10 a.m. in Lychen, in the Ucl 
•1 1 M\\\v> diu« north ot 'Yv'^A, after a journey at the average i 
i'f 1'2 fi. ]»♦!• ^«^o?hl. riit' L^ivati^st height was 23,150 ft.» * 
tlit :tni|M !-:iim-i- \\a> '2*2 ln'low /ero. Its instruments sho 
aN> :i l. ni]'t ratiiir (»f H) V. at a height of 4,800 ft, and ' 
tr» r/.iiii: l"»iiii w.i>- ifarhtMl at a levcl of 8,300 ft. 

A ]>:illooii i \]MM|itinii tiiroiiu'h tlie mountains is also ade 
ai'.'l i\|»o-t<l I.» >iiiiil:ir risks. Captain Spelterini is well 
f.H lii< iiiany jounit ys owr tlie Alps. During the exhibitioni 
Milan a |ni/.t' was oticrcd to tho man who should sueceed in 
c^«•^-iIl.u' ih«' AI]».- afti-r siarting from Milan. It was wen hy an 
!;:Mian at i"!iani iianud Tsuflli, who succeeded in crossing over 
M.-iii J'.laiir. This ran only be dono in suitable wealher, and 
it i> vi-ry inip.'riant i<» liiul out tlie direction of the currents at 
iln- iiiu'li« r 1. V. 1- iy nit-ans of a pilot balloon before makinga 
>! tri. Ai }li'w ii i-- nt i't >-ary to rise to such a height astobe 
i.ii'.-i.ji tli.- i;in-i' ot thr lowt-r l»rcfZos, and to mount to altitude» 
of u'.t.i» tlrin -Jn.onn ti. >;iMii4;hi away. Steel cyliuders containing 
.»\\_«n ii:ii-; ::.. iM-ii i-'i'n pari of the outtit, which nieaiisa 
>t !i.»ii> ;iil.ii-.i -ii i.« ;iii «i. ailuri^ht. There must be at Icast two. 
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not three, passeugers ; consequenfcly thia would require a 
lloon of 70,000 cubic feet capaeity, wliich nmst be fiUed with 

firsfe aitetnpt was made by Spelterinion October 3rd, IfiflB. 
^r Heim and Dr. Maurer went with hlm io a ballüoü 
cskpBciij of 115,000 cubic feet, named the *' Vega." He 
ited früui Sitten, and in 5f boiirs he reacbed Bi viere, in tbe 



f artment of the Haute-Marne, baving covered a distauce of 
40 miles* tlis idea had beeu to reach the Bodeusee after 
roi^sing tbe FinBteraarhoni and the Ünier and Gbirner Alps. 
)n Aüguöt Ist, lUOO, Hpelterini sUrti^d from tbe Bi^itirst and 

mmd over Tudi and Glürniaeb. In 1903 he made an expedition 
rom Zercnatt and croBsed ihe Dom in the Miechabel Chain, 

en turned towards the souUi-east over Lake Maggiore, and 

en after several tiiriis to the Chinti, above Bigriasco, where 
ae deseent was made, Tbe most intereiting expeditiau was in 

Q 2 
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1904, over the Jungfrau, the Breithorn, the BIümli-Alp, and 
Wildstrudel. The photographs which were taken od 
occasions give a good impression of the pleasure which cu 
derived from joumeyings in the Alps. 

It is diffieult to describe the joy of this kind of ballcNmmg 

those who have not experieneed it. In November, 1904, 

author joined Üaptain Spelterini and Freiherr von Hewald 

trip from Zürich over the Lake of Luceme, past the Bigi 

Pilatus. We then went towards the south-west, and at 

of 18,000 ft. we passed over some of the bigger ranges. 

weather was perfectiy clear, and the mountains seemedsoelottl I 

as to be within a stone*s throw. We passed the Jangfnii,tlH 

Eiger, the Mönch, but the most beautiful thing we sawuisü» 

Great Aletsch Glacier, glistening in the sun. For tiuee boon 

we experieneed such delights as had never ^len to human kk 

before. Tliere was always something fresh, some new featon 

in the panorama, and all spread out for as to enjoy in perbd 

stillness. We turned later to the north, and came to the groond 

on the north-west aide of tlie Lake of Neuchatel. The coowe 

was eurioiis, inasmuch as it seldom happens that one passes 

alonjj; the Alps. Spelterini had himself never before had such 

liiek. Tlie turn to the right was an essential feature of the 

selieme, for our balloon had only a capacity of 55,000 cubicfeet, 

and was iilled witli coal gas, and any attempt to cross the higher 

ranges was therefore impossible. Moreover, a landing effected 

at a great height is a very awkward affair, and is likely to cosl 

a great deal of nioney. It need hardly be said that it is also 

about as dangerous as anything connected with ballooning ean 

well be. But it is as well not to talk too much about "danger.* 

The most erroneous notions exist about the risks attaching to 

the sport, largely because the newspapers easily convert trifliog 

incidents into alarniin^ accidents. The death of a Jockey il 

disniissed in a few lincs ; but the slightest accident to a 

balloonist suenis to aßbrd unliniited scope to the inventive and 

descriptive faculties. Professor Busley, President of the Beiiin 

Balloon Clul), read a paper on the supposed risks of ballooning with 

roference to the question of insurance. He showed that ballooning 
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£iot much more daugerous than any ofctjer sport, and that euch 

idents as occur are mostly due to the detective material used 

tbe balloonists etnployed at country ghowB. He made a 

irr-ful eKamitmtion into the records of accidenfcs which have 

kppeued to members of ckibs affiliated to the Germ an Associa- 

of Balloonists, and alao to the Prussian and Bavarian Balloon 

-ps, and foLiod that 3ö accidentä had happened as compared 

^h a total DU in her of 2,061 aseents. Tbe inj u red amounfced 

[O 47 per eent. of the mim her of passen gers, the total niimber 



\J 
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Flu, liL — Ua11ix>n auil balloon iste on theli way bome, 

of whom waB 7,570, But an improvement is even noticeable 
among professional aeronautB, and they are now beginniog to 
know that coniidenoe caunoi he placed in an old patched balloon. 
Still they are not in a very enviable position ; tbeir profession 
ifi a dif&cult one, and the profits are m^nty. They cannot allord 
to keep a numler ot asBiBtaiits, and have to truet to the intelli- 
geuce of euch loc*al helpers as they can scrape together, It 
takes several honrs to iotlate the balloon, and he ia obliged to 
be preEent during the whole time beeause nobody eise knows 
anvlhhig aboiit it, and any delay at the last moment might 
expoBO hiüi to the ^vrath of the mob* An amateur generally 
luountß into the bagliet after all the work of Inflation has beeti 
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done by experienoed balloonistB, vfaereas the proJeeaiontl 1 
already done a hard dai7*8 work before ihe start ia made. 
sequentiy in a tight place he is at a great 
ProfeBsionals» too» have io make the aseentp whatever m^l 
the State of ihe weather. In Bommer a thandentonn 
comes anezpectedljy and in ihe early moming» when the i 
begins, there may be no sign of the likelihood of anjtiuii|i 
the Bort. The professional has no great balance at tbe I 
and oan ill afford to lose the money which is represented by < 
gas in the balloon. Besides which he wonld lose all the maoßji 
the crowd of sightseers if the show were abandoned. 
he is hardly in the position of a free agent, and makes an i 
nnder hazardous conditions. Still the aathoritiea ooght to b] 
in a Position to prevent an ascent when the eonditionB in] 
unfavourable. It often happens that perBomi wiihoQt anj] 
suflicient technical experience take apon themadw to aanooim | 
balloon trips, and find unsuspecting pasaengen who inaj be ^ 
exposed to the greatest risks. If the professioDal ehoores to nm 
the Chance of breaking bis own bonos, ihak ia Üb aflair; bot 
seine nieuns ought to be found of preventing bim iran involving 
otliorri in his fate. 

A tyi>ical instance took place in the Rhino Province in 1905. 
An engineer, named Vollmer, had been on three short tripB 
w'itli a profifssional balioonist, and then started from Remscheid 
with an unsuspecting passenger. The weatlier was periectly 
clear, and in spite of this tbey feil into the North Sea and ^en 
drowued. They attempted to descend too late» as was evidest 
from the messages sent by carrier pigeon, wherein they stated 
that the sea iirst came in sight when they were at a height 
of 10,000 ft. This was clearly a case in which the ascent should 
have been forhidtlen. But we must not go to extremes, or ire 
may find the en<;ineer hoist with bis own petard. Thus it vu 
clearly an excess of zeal which prompted the Chief of the Berlin 
police to prohibil all ascents in ihe year 1884 before the 15th of 
August, on tlie ground tliat otherwise much damage might be 
done to the crops by the descent of the balloon. Generally 
speaking, since tlie introduction of the ripping-cord in Germany, 
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s iitimber of aßddentB haa greatly decreaaed ; eveii in a süflf ^j 
d the dangera of being dragged and bumped along the grouQdfl| 
luucb siualler if the eiivelope is suddenly emptied of its gas* 
A landing normally takes place somewhat m follows.* As 80on 
\ it is determined to make the descent a bul table 3[>ot is selected» 
Üy by Consulting the map» and partly by iaking account of the 
Bneral lie of the land. Wben the plaee has been chosen, a 
>ugb calciilatioii mnat be made as to the beight at whicb it is 
mi to opeQ the valve- Espenenee ßhows that the fall takea 



Kim. N^,— Ljinding in u üüC, 

place at the rate of 8 or 10 ft* per secoud ; therefore, il the 
ibortzontal veloeity is kuowii, as also the distance of the poiut of 
leäcent, it is easy to fix the level at whicb the valve must be 
Biied. The rate of falliDg is al3out 6 milei an hour, and let 
38 siippoBe that the balloon is travelling at a speed of 12 milea 
%n hoar, the diatance of the spot selected for landing being oiie 
mile, i.e., 5/280 ft. Tlie height at whicb the valve muet be 
opaned will be f^ X 5,280» k<'., 2,640 ft. Short ly before the 
landing place in reached the balloon must be brought to rest by 
meanä of the guide-ropej ballast being thrown out if neeesaary. 



* St»« Pr, Kkhaftl Emtlerfsnrtielc on the *■ Theoiy tjf Ijauiliiig,' in tlie Iilti*trü*i% 
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TliLs ig a very dmple matter if there are no telegraph wiresor 
oiher olistaeleä* But thb Beldoni Iiapi>ans; there are UBuallj 
trees or something of Ihe Ifind in th6 wa;, and then it is n^e&^ 
sarv to proceed cautioiigly, for fear o{ getting ontaugled. Ballast 
Qiui^t be Uirowii out in order to avoid these obstacles aud ris« 




> 



Kk;. 1 i:i. -iMllingen, scou through the clouds. 
(I'liui..-rai.h l.y A. KittHnger, of Augsburg.) 

al)ove tlRiii; l)Ut care inust be taken that the balloon does not 
risc too inucli, olherwise there is a danger of its rising to the 
licii^'lit froni whicli it has fallen. After leaping over the obstacle, 
tlu! valvc luiist \)v pulled at once and the balloon brought to the 
;^q()iind. Siicli niannuvres can be very tedious ; sometimes it is 
necrssary to junip over lioiises and villages, which must on uo 
aceount be touclied by tlie ^nüde-rope if there is still suflScient 
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>aliast to be able to rise above them. The importaiice of reserving 
i certain amount of ballast for the end of the journey will now 
le evident. A journey cannot be continued tili all the ballast is 
hrown away, leaving none for the purpose of landing ; other- 
vise a guide-rope, rattling along the tops of houses, may be a 
lonrce of great danger to the inhabitants of a village, and quite 
rt firom this, the lives of the passengers themselves may be 
to serious risks. One cannot too strongly insist on the 
ity for this precaution ; in fact, the recklessness of the 
who neglects it is almost criminal. 

Boon as the balloon has been brought by meaiis of the 

hrope to a suitable spot for landing, the valve is opened, 

i tfae basket comes with a heavy bump to the ground. The 

Btion causes the balloon to make a jump, and as it comes 

again the ripping-cord is pulled as quickly as possible. 

envelope empties itself almost at once, but a very streng 

may occasionally cause the basket to l)e dragged for some 

»difltance along the ground. It is, of course, possible to pull 

ripping-cord before the balloon touches the ground at all, 

I fhifl mast rest in the discretion of the man in charge. 

foUowing description of a journey undertaken by the 

r^may help to illustrate the dangers of the descent. 

in Charge of all the arrangements, and had as my com- 

\ Dr. Stollberg and Lieutenant George. We started from 

sburg in a balloon with a capacity of 70,000 cubic feet. 

Che following is an account of the expedition, written by 

h Stollberg. 

"The balloon seemed to be tugging almost viciously at its 
mooringBy when the order was given to let go. At 9.8 a.m. 
we started oflF, with a fairly strong north-west wind behind us. 
At once we threw out ballast, but still remained close to the 
telegraph wires, and it was only after we had lost 4i sacks 
of ballast that we managed to get clear away. We passed 
iway from the ramparts, and were soon far above the housetops, 
jven the Cathedral itself seemed far beneath us. In three^ 
ainutes we passed over the railway Station, and rose rapidly 
hrough a thick grey fog. In another tliree niinutos we had 
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passod lhr()uj;li tlie cloiids witli all their damp and cold and vere 
now face to face with tlie sun in all its glory. Towards the easl 
wuM the hiunp of the Hornisgrinde, and sonie of the peaks otthe 
Kniehiä showed throiigh the mist; on the west, parts of the 
Vosges could he faintly seen, looking like dark streaks agalnst 
the horizon. Towards the south was a heavy bank of clouds, 
which lookud ahnest like the snowy Alps ; and right below us on 
the füg was the niysterious shadow of the balloon. Bat there 
was no feeliiig of loneliness, although at 9.23 a.m. the TOftdiqg.^ 
thf luironu'iiM' was 25*5 hi., and of the thermometer 46° P, 
couM clearly hrar the rolling of the trains, and the dnuntjj 
liu^'les at th<} harnicks. All of a sudden the fog disaf 
and (lirectly heneath us we saw the railway statioii.- 
\K'M a.ni. tht; haioineter reading was 23*8 in., corr 
t'> Jin ultitiulc of <),r)r)0 ft. ; the temperature was only 4SP \ 
yi'i tlie liiiit froiii tlie rays of the sun bothered us not \ 
Thi' Ciitludriil looki^l no l>igger than a foetstool, with its eroir' 
ut :i (U'])th of T). ')()() ft. l)elow US. But it seemed so hot that I 
xsiis j^'hid t«> takc (»tV sonui of niy winter clothes, and would havB 
t:ik(ii otT liiy lM)(>ts as wi'lK if it Imdn't been a little awkward. 
Tiu.' otlici s cxpcritnciMl tht^ tranii' Sensation, and if we had staysd 
tliric IciiLr \\(' slumld liave lu'cn as brown as berries. 

" ILowcvtr. I li:i(l no linio to think about these things, and set 
HiNM-lf il«»\Mi Oll a >ai"k of bailast to write postcards to my friendfl. 
IiM-aM' anvlxKly slmuM hu iiiterestod in my method,Imay as weD 
(U'sci ii>i' it. 1 oi'ili-r tliL'Ui at the l)OokseIler*B, and each caid is 
jirovidid with a kind of pigtail, consistiug of two yards of 
cnloinvd i)ai»rr, or bt-tter still, of a lengtli of briglit 
red ribbnii. ()ii tlu' front I write the address and the word 
" Jiallooii," nmhlj»' tliin;^' is dnno. I tlien throw itover the edge, 
aiHJ ]i aiiiMM-^ HU' tu Sit- tlui Card with its long red tail go tum- 
IjIih^j: slow ly and ^^lactdully d(»\\n to tbeground. On this occasion 
1 liiii \v eilt (»niv iwo caiiU. aiid tlicy boih reached their destina- 
tinii in diic cniii-r. At i>. D^ a.iH. the iKirometric pressure was 
lM(;. thi' altiiudr b.iii- r).ii.*)() fi. abovo the sea. We had there- 
fon- fall«M abciii l.:5n() ii. ju .-i\ minutes, but wewere .still higher 
ili.iii ;it i».*2:». Till' Jlunii^.uM'invie was our landmark, and seemed 
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to be in the satne direction as before ; we heard thö eame sounds 

from below, and concluded that v:e were still hoveriog over the 

towii* The balloonist id geoerally described as nishing furiously 

ttirougb the air; but this was liardly the case withua;there 

[aeemad to be sometbing verv eircimispect ftboiit our inovements. 

lAs there was to be nothing to occupy the miDd, our thoiights 

l jp-avitate<J in the direction of cftiing for the bodj, und an interval 



was there lore devoted to reireshmenti Suddeuly our leader said 
very decidediy that we niust land, We lookeJ at the baronieter— 
it was just belore 10 o^cloek-^and saw that we weie already 
descendirig very rapidly. 1 couldn' t undtjrbtand it ; nobody had 
touehed tbe valve rope. Still ^ the pointer on the aüeroid was 
turn in g round ahnoßt atä fast as a secoiids' band. Euch btUe 
division on the aneroid mtant a fall of 36 ft* We hcld out a 
feather at ihe end of a tiöbing-rod, but it Hoated over onr headB, 
and our scraps ol iniper di^appeared at once. It was quite 
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evident that we were going at a breakoeck speed to the 
ground. 

" We threw out some of cur preciooB ballast, bat this did no 
good. We came down faster than the sand, and now there were 
only iive sacke of ballast left, each weigbing 66 Ibs. Unforka- 
tunately there came a cloud between us and the sun; the 
temperature of the gas in the balloon went down quickly, and 
this further helped us on our downward joarney. There would 




iKi. 1 1.'». — Hiiiltro uver the Hier, iiear Kempten. 
(PhutoKntiih by A. UitnlinHer, Auj^burg.) 

have l)een no daiiger if we had had a little wind to carry us out 
iiito the 01)011, biit as it was, we could hear from the sounds 
below tliat we were close to the town and probably directly aboTe 
it. Soon we saw tbe barracks below us, and came, all at onee, 
into tbe strong breeze in which we had started. I thought we 
sbould bave landed in front of my own house. But we passed 
over tbe centro of the town, and soon our guide-roi)e began to 
rattle along tht^ tops of the bouses. " Hold tight," said our 
leader ; we feit a l)umi), and found that the rope had knocked a 
ricketty cliimney into tlie street. Soon after this the roi)e 
managed to coil round tbe telephone wircs, and the only thing to 
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o was to cut it oflf. The strain on the rope was tremendous ; 
rhy it didn't break is a mystery. I thought Lieutenant George 
ras a little nearer the rope than I was, so I suggested to him 
hat he should lean over the edge and pull it in. We both got 
lold of it after a while, and I brought my trusty knife to bear 
n it. It was lucky I had it with me ; but then I had all my 
irits about me when I started, although I must admit I feit a 
ittle bustled just now. I had succeeded in cutting half-way 
hrough it, when there came an overpowering wrench, and it 
anished over the side of the basket. The jolt was something to 
emember, and we should certainly have been shot out if we 
adn*t held on like grim death. 

" At this critical moment our only policy seemed to be to get rid 
f the rope at any cost. Our chief got on the edge of the basket 
-not a Position I should choose at the best of times — and after 
while succeeded in cutting through the rope at the point I had 
tarted on. The rope feil down on the roofs of the houses, and 
ne end tumbled in the river to the great astonishment of a 
oatman who was close by. We bumped up against one or two 
Looses without doing much damage beyond the fact that we 
nocked oflf a bit of an old chimney, and swept away a few Square 
eet of roof. All our ballast was gone, even our maps, our empty 
lallast bags, and the case for holding our instruments. Finally 
ve seemed to reach a clear space, and being near enough to the 
jround, we all gave a mighty tug at the ripping cord. We came 
lown on the left bank of the river, but the ballooii feil unfortu- 
lately with the ripping panel downwards, and so the gas to some 
txtent was prevented from escaping. We were dragged a short 
listance along the grass, and ran into a gun-carriage, which 
)rought US finally to rest. We pulled the valve open, in order 
o empty the balloon completely, and many willing helpers were 
oon on the spot.*' 

This account of the journey is suflScient to show that a well- 
jonstructed basket is capable of withstanding tremendous sliocks. 
!t is generally possible to escape from the most hazardouspositions, 
ind it requires an extraordinary combination of mishaps to bring 
ibout such a tragic episode as the death of Sigsfeld at Antwerp 



CHAPTER XIX. 

SCIENTIFIC BALLOOHIMO. 

The examination of atmospheric phenomena with thehelpol 
balloons or kites has added considerably to our knowledge d. 
the subject. Meteorology has natarally attracted most attention, 
but astronomical work has also been done in the Observation o! 
eclipses, shooting stars, etc. The balloon has also been nsed on 
Polar expeditions, but meteorology was ondoubtedly the first 
branch of scientific knowledge to which the balloon was usefullj 
applied. 

A Frenchnian, named Perier, discovered in 1647 that the 
baronieter stood at a lower level at the top of the Puy de Dome 
than in the vallies. In 17B0 BenMict de Saussure made prepara- 
tioiis for a scientific joiirney to Mont Blanc, which was carried 
out in 1787.^ In the meantime the inventions of the brothers 
Mont^'ollier luul becoine <:;enerally known, and the results of 
Charlfs's expeditions liail reached scientific circles. Ou bis first 
trip on l)ecember Ist, 1783, in the " Cliarliere," he had taken 
l)aronietric readings, the minimum being 20 in., which corre- 
sponded to an altitude of 11,360 ft. His thermometer also 
sliowed a read in«; of 16 F. 

Saussure recognised at once the importance of the new methods, 
and travelled to Lyons in order to obtain information. He was 
there received on January 15th, 1784, by Joseph Montgolfier 
and Pilätre de Eozier, who were making arrangements for a 
proposed ascent. He took great interest in the theory of balloon- 
ing, and suggested that it might be possible to find favouring 
breezes at dilTerent heights, and therefore to move in any desired 
direction. On September 19th of the same year, the eflfect of 

i riic niost colli] trchoiisive woik on ilie subject of mctcorolopical tiallooiimfi^ is a 
l>ook cntiilod " \Vi-iM.'ijsrh;iftlicljc Luftfahrten/' by Assmanu nnd Berson, }iubIi8hQ(l. 
in ISl'l» liv F. Viewi'^' Ä: Si.n, IJruTLswick. 
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3at of the sun's rays on the temperature of the hydrogen 
3 balloon was carefuUy noticed by the brothers Bobert. 
iier, who discovered the method of generating hydrogen 
jsing steam over red-hot iron, published in 1784 a com- 
isive Programme for scientific balloon ascents. The first 
cal observations were made on June 18th, 1786, by Testu 
', who ascended into thunderclouds, and said that he drew 
kable discharges from the clouds by means of an iron rod, 
1 in the car. A pilot balloon was sent up by the Abb^ 
3lon and Saussure, who repeated the observations Franklin 
lade with his kites, proving the existence of atmospheric 
city. 

first ascent, made solely for scientific purposes, was 
baken by the American, Dr. Jeflfries, of Boston, whose 
kurous journey across the Channel has already been men- 
. He started on November 30th, 1784, with Blanchard 
London, and came down in IJ hours near the Thames 
rtford. The attempt to make use of wing-like oars failed 
jy but his meteorological observations were of interest. 
ght of 9,000 ft. was reached, and the temperature feil 
° F., whereas in London it was 51°. He took with 
. Toricelli barometer, a pocket thermometer, a hydrometer, 
3trometer, and a compass. Besides these things, Cavendish, 
äcoverer of hydrogen, suggested he should take small bottles 
with water, in which he should collect samples of the atmo- 
) at dififerent heights. His results may be tabulated as 
s: — 



emperature 
'ahrenheit 


Barometer 
in inches. 


Uydro- 
met«r. 


Altitude in 
feet above 
Hea level. 


Rateof 

ascent in feet 

I»er second. 


Rate of cliange 

of temperature 

per lüO feot. 


Remarks. 


61 
40 
35 


30-0 
270 
250 



3 


2r,2 

2,880 
4,8:)U 


1-64 
1-83 


-0-42 

-U-254 


cloudy 
cloudy 



) direction of motion above the clouds was determined by 
ing out a number of cards. The description of the prepara- 
that were made for the journey shows that it was done on 
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f scientific line» witli the greatest care, and thö resalts i 
liDg, though tio accounl was taken of tbe ilirect efieet i 
iitioii froiu the fiiin, and eouBeiittentlj tbe teiufi^raiure iraln 
only correct so long as the sky was covered wiUi^clouci. 
tfiries nmde a second exiieditiou on January 7th, 1785, whiei 



In.. J HS,— Di% Jeffriöi wiüi ihe bttrometcr metl an hia asocuu. 

älready beeil deseribed in some detail. It inay be nolad that 
(bis ocGU&ion the first tngonometrical observatioos of Um 
lit of a balloon were made from the French cnast, aml tbe 
ade was found to be 4,800 ft. No baiometric readingdappt*ar 
ave l^een taken on the ground level, so that Ifc ia not possiMsj 
»duce much from bis madiiigs. 
eliman, the meteorologiBt of Berlin, bas clearly showQ 
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rwfts the first to attempt meteorological observations from 
on, though for many yeara it v\as sapposed that a man 

Robertson was the firsfc scientific balJoonist, He made 
int ou July 18t;h, 1803, in the okl French military baUooii 
[lide," which had already done dufcy at the battle of 
The Start was made at Haniburg with aiiotber man, 
Lhoest. Robertsou was clearlj shown to be an impostor, 

guve the foliowing .description of his joarney in one of 
^ki^ papers : '' Wa continued h^ aBcend as lang aa we 
mm to withstand the atmoöpherie indaanaas» The cold 
kB that ot the 

rf Winter ; a kiiid 

I 

a catue over us» 

dzzing in the ears 

elling of theveios. 

a 80 me experi- 

^ith the galvanic 

^ and noted care- 

he tiigbt of the 

Is long as- it was 

G to do io. My 

nion complainad 

B liBikd was swelU 

d I found my own 

Rrollen to such an 

that I eould not put on my hat, and my eyes were 

lot, Wetherefore deacended, But I noticed the terrified 

0l the peasants, and aß I had forgotten an imj)ortant 

uent, I made up my nund to make another asceut. We 

led on our way tili two o'cloek in the afternoon, when we 

o the ground'near Wichtenlieck without any hijury to our- 

or the balloon, The peasanta evidently thought we liad 

brom the infernal regions*'' The results ot Robertson 'g 

itionsbave been lost ; but he waseither hojjelessly iocom- 

oran inipostor, or, very possibly, botb* He said he reached 

3 ut 24,300 ft-, that his experimentswith fnctional elee- 

e a failure, that a galvanic battery only t^ave five-sixths 
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i'f i;s normal current. and that the atmospheric electricity im*' 
{» «sitire. as examined by hiiii ßold-leaf electroscope. Seither didb 
itir contain as uiueh oxygen at great heights as it did ou the groonl \ 
Iev«:l. L;iplactr iuduced the Academie des Sciences to investigili 
tht- iruih uf tbe^«' as^enions ; and consequently Gay-Lussacud 
Bi>t undenoik an ascent for that purpose, with the result ihit 
thf Statements miule l>y Robertson were found to be incorred 
Th»-y r"?e to a height of 10.000 ft., and found that theeiperi- 
mf::> wi:h frioiinnal electricity worked i>erfectly ; the batttrj 
c. r.:ir.ut-l to pive the same current, and the atmospheric charge 
\va> :4iteri,:ittly |>i?>itive anJ negative. Gay-Lussac uiulertooki 
firihtr :i?Lt!i: nlone, and reached an allilude of 23,000 ft. He 
f .•u!;d tlia: tht jtrcenta^re of oxygen in the atmosphere wascon- 
-:;i:i:. ;*:.d ir.atit- ndent of the altitude. It was further proved 
ti::»: ll-Kir^'-n had only reached a height of 21,400 ft. Eis 
de?cr:i :i .:*? of the eflfect of the reduced pressure on the human 
• ijzn!.:-::; \^trt• f- und l<> l»e miK-h exaggerated, but none theless 
i: i? ?::'/. c »!iim.»iily l»elieved that at great heights it is not 
■:::;>;;;i! : v I-I-mI u^ flow from the eyes and ears. This poim 

T':.— t\i ♦ iin •ii> ;ir<»u>i'd much interest in scientific circles, 
iv.: :i"'. 1'^.'«» !:-• iiiriht-r wcnk of the kiud was done iu France. 
1:. «1.. !■!!:. ;!.y. .'11 iht' other hand. aseents were made by Professor 
.T -'.ji!.- :: ni lailin bttwien the years 1805 and 1810: he occa- 
>i :. i!.y r» i. htd au aliitiuU- of 21.000 ft.. but nothing noteworthy 
\va- 'i in i:: ilu- way of obst-rvations. In the years 1838 and 
1>;VJ. ilu' 1 r ':os>ii>nal aiTonaut Green, and the astronomer 
^jH TKcr-l:.;-]. uu\i\r aseents in England, but their results 
aj»l'i.ir to i'O al-solutely worthless. Assmann considers that 
ilu- le iiipt raiurt^ are too high by at least 36" F., and their 
altitii it s an [«robalily ;5.(HX) fi. too high, so that instead of having 
rtacht-l a lui^'hi of 2i».(.XK»ft. they got no further than 26,000 ft. 
Inttit^tiii;: observatioiis were made in America by Wise, who 
ha> ht-K-n aliiady nientioued as the inventor of the ripping panel. 
llf ^tiit up two ballooTis in Thiladelphia on a calm day. They 
rcniaiiud closi- to one another for some length of time ; but one 
t.vintually vom- to a heijjjht of 200 ft. above the other, and they 
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I then separated. Tbis was owing to the fact that the one 

earried away by an easterly breeze wbile tbe otber was still 

: driven in a southerly direction. 

8ome ascents were made in France in 1850 by Barral and 

^, who recorded tbe very unexpected temperature of 89° F., 

an altitude of 28,000 ft., wbereas Gay-Lussac at tbe same 

lit bad found a temperature of 10° F. Assmann, bow- 

tbinks tbat all tbe figures are probably correct. Tbere 

notbing wbicb tends to depress tbe reading, because it is 

DpOBsible to sbow a reading lower tban tbe temperature of tbe 

lospbere. On the otber band, tbe radiation from tbe sun or 

, ^ „_ any otber bot body migbt tend to raise tbe reading, and 

^^tterefore to sbow a figure bigber tban tbe actual temperature of 
"flie air. Arago defended tbe results of Barral and Bixio, because 
Iie well understood tbat tbe direct effect of tbe radiation of tbe 
snn must be excluded. Glaisber and Welsb tried to find tbe 
tme temperature by tbe use of aspirators. Glaisber's results 
were tbe most important tbat were in existence tili 1887, tbough 
Assmann sbowed tbat tbere was still considerable doubt as to 
the correctness of tbe temperatures. Frencb balloonists also 
nndertook scientific ascents about tbis time, but they did nothing 
to improve on Glaisber's results. Among tbem may be men- 
tioned Camille Flammarion, tbe populär astronomical writer; 
Wilfrid de Fonvielle, tbe brothers Tissandier, Sivel and Croce- 
Spinelli (who lost their lives at tbe work), Moret, Dute-Poitevin, 
Hermite, BesanQon, and many otbers. It is impossible to do 
more tban mention their names, tbough the importance of their 
work, in some cases at any rate, was undoubted. A member of 
Parliament named Powell made an ascent for meteorological 
parposes, witb Captain Templer and Captain Gardner ; but he 
was onfortonately drowned througb falling into tbe sea, wbile the 
officers barely escaped witb their lives. ^ 

Glaisber made twenty-eight ascents for scientific purposes, and 
was tbe first to adopt really accurate metbods. His plans were 
earried out witb tbe greatest care, and included a wide ränge of 

^ See Wilfrid de FonTieUOf "Les Grandes Ascensions Maritimes." Paris. 
Auguste Ohio. 1882. 
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obaarv&tioEB, wbieh wera made at Bbort LotervalB ihroughout i 
jounieT. His resulta are embodied in tbe reports of the Briti^ 
A B&0€ IE Li Oll, and in cluded Observation s from the followingpoints^ 
(1) Determination ot the temperatare of the atmospher^, aod 
of Ihe amount of moisture contained in it at different heigliK 
partieiilarly at the Ingher levels. Detarniination ol the A^ 




Fui. liH, — Qifti»hcr and Coxwdl In the bftiket. 

point by means of Danieirs wet bnlb thermometer^ Regnault* 
condensation hygiometer, and of tbe Psychrometer both in its 
ordiaary form and with the addition of an aspirator. In the 
casa of tho latter, larg© quantities of air were to be passe*) 
througb the veesels containing the thermomaters at dißer^ßt 
levels, more especially the bigher kvele ; special atteutioii ^ 
K be directed to the highes t levelä which are sui table for hiini^ 

L 
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>f India. At these heights the readings of the Psychrometer to 
ae carefuUy compared with those of Danieirs and Eegnault*s 
liygrometers. 

(2) Comparison of the readings of an aneroid with a mercury 
barometer up to heights of 5 miles. 

(8) Determination of the electrical properties of the 
atmosphere. 

(4) Determination of the properties of the oxygen in the 
atmosphere by means of ozone paper. 

(5) Determination of the period of oscillation of a magnet at 
the ground level and at different altitudes. 

(6) CoUection of samples of air at diflferent levels. 

(7) Notes on the height and 
eonstitution of the clouds, their 
density and depth. 

(8) Determination of the 
eelocity and direction of the 
ireezes, in so far as this is 
possible. 

(9) Acoastical observations. 

(10) Any general atmo- *'^^- no.— Olaisher's Instruments. 

tpheric observations, not included ander the foregoing heads. 
Anybody who has ever made a meteorological ascent will well 
mderstand the amount of work involved by the numerous obser- 
rations, and the careful method which would be necessary to cover 
io vast a ränge. It has been shown that on a journey made on 
Jnly 21st, 1868, Glaisher must have made in a space of 60 seconds 
aeven readings of the aneroid, accurate to thehundredth of an inch, 
and 12 readings of the thermometer, accurate to the tenth of a 
legree. On June 26th, 1868, he carried out the foUowing observa- 
tions in 1 hour 26 minutes, viz. : 107 readings of the mercury 
barometer, a similar number of the thermometer attached to the 
barometer, 68 readings of the aneroid, 94 of the dry, 86 of the wet 
bulb thermometer, 62 of the gridiron, 13 of the dry and 12 of the 
wet bulb thermometer fitted with aspirator, besides several obser- 
vations with the hydrometer, and noting the time on 165 different 
occasions. Eaeh Observation must therefore have taken on an i 
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iemperaliire of tbe atmo&phere can b© found, stipposing tbat the 
thermometers are kept at a sufficient distance from tbe oDservers, 
ek., to be free from any of tbe effects of radiation that may be 
due to tbe eontents of tbe basket, The inatrument is preferably 
luouated on [some kind of support wbicb keeps it at a suitable 
distancö from tbe baeket on tbe outside, It is tben qiiickly 
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drawn up to the edge of the basket for the porpose of taking 
a reading ; or, if very great accuracy is needed, it may be read 
through a telescope. The working of this instroment bas been 
tested by long exposure to the rays of the sun on the top of the 
Süntis, and its readings were found to be very aecnrate. 

Professor Assmann proposed to Professors Berson and Süring 
that they should make an ascent in a balloon, and compare the 
readings obtiiined by 61aisher*s methods with those obtained by 
means of the aspirator-psychrometer. It 
was found that the readings given by the 
latter were considerably lower than 
Glaisher's figures, the difference amount- 
ing on an average to 27*^ F. It therefore 
seemed likely that Glaisher's results 
were to some extent vitiated by bis 
defective apparatus. Assmann examined 
Glaisher's work very carefuUy, and deter- 
mined that the best way of doing this 
would be to make some fresh ascents. 
In the years 1884 and 1885 some ascents 
had l>e('n made by a man named Jeserich, 
who had principally confined bis atten- 
tion to taking samples of the air for 
chemical analysis, though he also made 
some electrical and meteorological obser- 
vations. After this the officers of the 
Prussian Balloon Corps made scientific 
obsorvations. This was due in the first instance to Captain 
Bucliholz, wlio entered into communication with the Meteorological 
Institute, and nrranged that Lieutenants vonTschudi, von Hagen, 
and Moedebeck should undertake meteorological obsorvations. At 
a later date, work was done by Major Gross, who pointed out the 
effect i)roduc(^d by the radiation from the sun on a thermometer, 
and reeommended the use of the Assmann instrument. This was 
lirst done by Assmann and Sigsfeld on the occasion of an ascent 
in a eaptive balloon at Berlin in May, 1887, and Moedebeck was the 
lirst to use it in a free balloon on June 23rd of that year. Soon 




latnr-p^yt'hruiiR'iL'r. 




lelp was speedily forthcoming from vurious quaiterSt and'thei 
" Herder '* was mou foUowed by the" M. W/' and Lhö "• Meteor/' 
In the latter Ässmann made five successful asceuts in Company 
with Gross, Killiscbt Beröon, and otbers, As8tuanri was indefatig- ; 
able in the matter of raising moiiey ; be clearly saw tbat general 
eoDüInt^ions could only be drawn from a long series of observa- 
tdons taken under all mrin of differeot conditioos. Tbe Kaiser 
placed the eum of £%500 at bis disposal, and money was also i 
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obtained f rom other quartera. The balloon *' Hamboldt *' ms 
then built, and started its career ander an evil omen. At tfae 
first descent Assmann broke bis leg ; on the seoond jooniey ihe 
balloon setüed down on a lightning oondootor ; on the fluid 
sometbing went wrong with the valve at a hei^^t of 10,000 fL, and 
OroBS and Berson sostained ratber serions broiaes from the 
bumping of the basket on the ground ; and finally, on the nitli 
joomey the whole thing exploded when it came to eartfa flucoo^ 
the gas in the balloon Coming in oontact with an dectrie apark. 

It eeemed very doubtf ul whether the work ooold be eontinnedt 
until the Kaiser again sabscribed £1,600. The " Phoenix " was 
then bailt, and in it Berson reached the greatest height on 
record, viz., 80,000 ft. Twenty-two joomeys were made in thu 
balloon altogether, and ihe results obtained were of great import- 
ance. Oihers were also pressed into the Service. Mr. Patiiek 
Y. Alexander lent bis balloon, the ''Majestie/^ which had a 
capacity of 106,000 cubic feet and was made of vamished silL 
The Balloon Corps did its part, and took meteorological observarB 
on many of its trips. Forty-six ascents were made with the 
funds that had l>een raised. The results were so enoooraging 
that the Kaiser placed a further sum of £1,000 at the dispoeai ol 
Professor Assmann, and also showed his interest in the work hf 
attending some of the ascents in Company with the Kaiserin and 
his sons. 

On working out the results, Assmann noiiced that Glaisher's 
results showed that the temperature in England at certain 
heights was greater than that in Germany, and that this difference 
increased with the height. At a height of 8,200 ft. the difference 
appeared to be 2*5'^ F., whereas in one case at 26,000 ft. it 
appeared to be no less tban 37*2^ F. Consequently it mnst 
either be warmer over England than on the Continent» or on the 
other band, there nii<;ht be something wrong about the figores. 
Weish had found lower teniperatures in England, and in any 
case there was some doubt about Glaisher's figures. On Sep- 
tember 5th, 1802, he had made an ascent, and became unconscioos 
at a height of 26,000 ft. He stated, however, that he had actually 
reached an altitude of 87,000 ft., and this figure was calcolated 
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in tbe following way. At an altituda of 29,000 iL ha wbb rismg 
at the ratre of 16 It. per second, and in thirfceen minates, when 
he regained consciousnesa, he found that the balloon was fallmg 
at Üie rate ot 38 ft, per second. Therefore he calculated that he 
mnst have ubbu to a height of 37,000 ft., while his minimum 
tbermometer regislered 12*1'-' F, Coxwell, who was also 
in the balloon, eucceeded in gripping the valve-rope witb bis 
teetb and let oat some oE the gas. He said tbat the pointer on 




Fir;. 153.— Tkü Kuker ntteiu. . -vitiit of a recordlng ball'H>i> uu the 
Temi^clhuftir 1 eld, uear Berlin. 

the aneroid coincided in position with a string fastened across 
the basket, and that tbis was found to denote a readiiig of 7 in-, 
eorresponding to an allitude of 37,000 ft. It bas been pointed out 
by ABsmann that observationa made uuder conditions bordering 
on uneonseiüiisness are very liable to error- Ifc is known that a 
balloon falle witb a maximum speed of Iti ft* per seeond.^ But 
01aisher'& figures point to a fall at the rate of UtO ft, i>er second, 

^ Durinif the gommei' ot 1£02 a daseent waa made by the naihor m Company 
with Professor Miethe ; the readiugs of tbe baRiiweter certahily showeti a maximum 
h|»cod of more thaii 33 ft, |ier »eoünd, ßtit & thtinderstorm wn.s ragt Dg at thti time, 
And the ittrojig down ward wiud imcrcaAcd the speed of ialling. 
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and if it had actiudly fallen at anyttiiiig like that rate it noqU 
doabdess have been tom lo pieees. The apparent erran in 
Glauhor'B resaltB are doabÜesB dae to the eflfocts cf sohr 
radialkm. 

It was evident tbat a nomber of important problema eonld not 
be Bolved by ascents f rom a single spot, and that it mnää be 
neeeeaary to organiae ascents from many plaeee, and, if posBiUe, 
to eetablifih observatories for the pnrpose. It was fnrther 
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I'k;. \:a. Maidi MiH.iltbeck. 




FlQ. 155.— Captain tod Stgsfeld. 



ilesirable to make simultaneoas ascents from a nomber of places 
with a view to mapping out the State of the atmosphere after 
the nianner adopted in the meteorological reports published 
from day to day. Tliis has given rise to an international 
Organisation for the puri)ose of making such ascents, which 
niostly take place on the tirst Thursdayineverymonth. Craston 
Tissiindier started the idea, and on July 14th, 1893, simultaneons 
ascents were made from Berlin and Stockholm. On August 4th, 
1894, ascents were made from Berlin, Göteborg, and St, Peters- 
burg. Later tests on these lines were underiaken by an 
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ternaiionat Organisation consistiug of ßokh, the director of thc 
lue Hill Ob&ervatorj in America ; Besau^on» de Fonvielle, 
Terttiitet and Teisserenc de Bort in France ; Assmann, Erk, 
Jlert^eKell, Moedebeuk and the Ealloon Corps in Germany ; Mr, 
'atriek Y. Alexander in England ; Colone! von Kowanko, Colonel 
^oifmorlzeff, and General Eykatecheflf in Russia, and Andree ia{ 
weden. 

A Conference for met^orological purposeB met at Paris ibI 
September f 1896^ and an international eommisaion for seien tifißj 
ballooning was then inaugarated, under tbe presidency of Dr- 
Hergesell, tbe director of the 
Meteorologieal Institute lor Algace 
and Lorraine. Most eivitised 
countries are now represented at 
tbe Conferences wbicb take place 
everj two years, and meetings have 
been bald in Stra^^sburg^ Faris^ 
Berlin, St Pefcerburg, and Milan, 
It is perhapa difficult for an out- 
ßidar to understand ibe many-.sided 
tivitj o( tbe balloonist in this 
field of research, and to form an 
idea o! the problems tbat are await* 
Solution, It may tberefore 
m well to quote a portion of tbe speecb made by Dr, 
■gesell when be opened tbe Conference at Berlin in bis 
ity of President* ** Our first task conaiöts not in carry- 
ing out tbe laxgest poseible number of simtiltaneous ascents, 
eitber T^-itb or witbout observers in tbe car, bat in organising 
tbe basis of co-operation l>y the employment of accurate instru- 
menta, wbicb are constructed on similar principles. The out- 
lines of such arrangements as are posaible to secure the use of 
ßimilar in&truments were discussed at our first Conference at 
Strassbiirg. Since tbat time, such balloons m carry observers 
have heen fitted with tbe a Bp i rat or- Psychrometer devised by 
Aä^mann and Sigbfeld; and balloons without observers have 
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of Teisserenc de Bort. The reoording ballooD hae beoame % 
mö8t QBefal aniiliary, and has brongfat iie moet aiupriaiig 
resolto oat of the icy regions at a heaght of twelve mileB abofB 
onr heads. Beraon and Süring rose to heights of aix mflea, iod 
in so far as their reeords go th^ oonfirm tihe raBnlts obtainel 

Since tiie moiriii 
of November, 1900, 
simnltaneoiiB $& 
Cents are made aa 
the first ThuiBday 
in the month at 
Paris, Strassbnig, 
Munich, Berlin, 
Yienna, St. Peten- 
borg, and Moscow ; 
and on May 5th, 
1902, the 213th 
recording balloon 
was sent up. 

'<The seed tbos 
sown has borne 
good fruit. It had 
generally been be- 
lieved that 61ai- 
sher's results were 
correct, and that 
at fairly low levels 
the temperature 

Fig. 157. — A recording balloon with iustraments. remained COnstsnt 

throughout the year. But this has been shown to be altogether 
wTong. There is etemal change even at great heights, and ttie 
temperature varies|just as mach at levebs of 80,000 ft. as at 
1,200 ft. Moreover, at the same heights above Paris and St. 
Petersburg there may be diflferences of temperature amounting 
to 60^ or 70° F. Our observations have also proved that the 
Variation of temperature is not continuous, but that the atmo- 
sphere is composed of layers, as it were, which often show 
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[erä1)le diflferencaa of temperature. Thie layer-formation 
of tbe most important sabjeets at present ander 
ation. 

[B luture haa still mach work to do- At presänt^ systematie 

tiouB are made in few parts of the eartb, and such portions 
r own conti nent as Italy, Spain and Norway are unrepre* 
d at our Conference. Wb are proposiug to cover the ocean 
aeans of balloons eent up from 
|0rB, and our work muBt also be 

ed to tbe tropicsp In tbis province 

listance of England Ib very im* 

it, nming that India offers great 

[or tbese obeervations. Our aini 

\m to explore tbe great unknown 

our beads, and to discover from 

p©€ret of the weatber ebart." 

}e tbiB speecb was tnade, eome of 

>peB bavB been fulfilled ; Italy, 
1, and Sweden have joined tbe con- 
JKj and much work bae been done 
m aa well as by land. 
F musi now deecribe metbods by 
k meteorological lUätrumentB can be 
La jonrney in tbe ain The oldest 
od Js tbe kite. In 1749 Wilson 
it to send iip thermometers for the 
orement of temperaturea ; in 188^ Professor Douglaa 
[bald aeed it for finding tbe veloeity of tbe wind ; and since 

the American obaerver Rotch hasf used it largely for the 
of bis observatory* It was due to tbe suecess of Itoteb*8 
tbattbe kite bas sitice been uaed almost everywhtsre for the 
)86 of atmospheric Observation, Teisserenc de Bort bas 
red Botcb's exaniple ; be has made eKcellent arrangemeats 
mding up kitos aiid balloous at Trappes near Parisi and tbis 
©en dooe at bis own expense and with little help from out- 

Professor Hergesell tried to indiieethe provincial authori- 
(0 provide bim with fands; but there happened to be no 
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.ijt work 
hitaket with inätriimt^itl^ 
for a recortUng ballixin. 
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avaiiable sorplns in the webequer. Btill kit^ ascents haT% 
regularly made for tbese porpoBes in Sttasabarg fiinca IBStk 
Professor Assmann sncceeded in erecting an observaliify a i 
large scale, and started on Üiis work as Boon as the soni d 
£2,000 had been voted for the purpose. The bnilding began 
on April Ist, 1899, and <m Oetober Ist of the same jear it m§^, 
possible to make the first asoents with kitea and balloon«. 
sile was chosen at Tegel in the north of Berlin, becauae 
Balloon Corps was stationed there, and their help was 
likely to be useful, seeing that the preparation of ibe gü 

the inflation of the baUooü 
be a difficolt matter for the Ui 
staff of the observatorj. 
over, the Balloon Ck>rpBiii]gb^) 
the other handp derive coi 
able advantages from 
with seientific work« The ol 
tory oontained a e&rpeoter's 
for making kit^, a balloon 
a house from which tbe wi 
wäre worked, with a iower 90 
high, and also the neoesaary 
ing and living rooms. Asüm; 
saw that lutea would iioi 
sufficient for the carryiiig out 
bis plans; he intended to take observationB at great b 
every morniiig for several hours, and therefore ordered a 
balloon, whieh was to be used when the velotuly oi Ükti wind 
lesB than 18 or 20 ft. per second, a speed insofficient for the flyiDg 
of kites. Ordinarily either kites or the kite-balloon are used; 
but on '' iuteruationar' days free balloons are sent up, either 
with or without observers. The latter are used in a special 
manner that lias been gradually evolved as the result of 
experience. 

The uso of balloons without observers but carrying recordinj[ 
instrunients was the idea of Hermite and Besanfon, and the 
details were carofully elaborated by Teisserenc de Bort in hiß 




Vui. I.V.».— hr. lK-r<:i>dl. 




very light construction ; it has merely to resist the internal 
pressure and carry the basket eontainiiig the instrimients, 
I Assmann has designed an arrangement whereby an alariim 
oloäk opeus the valve after a certain time, and therefore 
causes the balloon to descend alter it has reached a certain 
heighi In order to prevent the effeets of solar radiatlon, the 
balloon mtist be prevented from hovering m one position, so that 
the thermometers are continually brought into contact with fresb 
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volumes of air, in a manner aimilar to that adopted in tili 
aBpirator-psychrometer. If the balloon is made to rise qiiiddy 
and then to fall at once, the thermometers give oorrect iraliMs; 
but if it is allowed to drift gently along, exposed to ihe njB of 
the sun, the readings will be too high. Attempts have beea 
made to shield the instrumenta by plaeing them in a wieker 
basket, covered with highly polished silver or nickel paper, bot 




Fk;. IGI. — Ascent of a box-kitc containing meteorological instniineiits 
(Photograph by the Berliner UlustniUonageMllflchAft.) 

ihis is not sufficient. Kitas have been sent up in the early 
morning before sunrise, and figures, obtained in this way, ha^e 
been compared with those recorded in bright sunlighL But the 
daylight ascents are much the more important, as the effect d 
ihe sun on the atmosphere mnst on no account be neglected. 
Aßsmann has also inveuted a System by which rubber ballooiu 
with diameters of one or two yards are sent up, gradually 
expandin<]j as they rise, tili they finally burst ; a linen cap acta 
as a parachute, and the case with the instruments falls gently to 
the ground. Such balloons will remain in the air from one to 
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ri*€ hotirs, and give good results. They are now employed in 
)t obeervatories* 

[t 13 of coiir&e importurst tbat tbe balloonö and inslrumente 
nild be returned to tbe oböervatory ag sooa m poBBible. Tbis 
itt4.*r was tborotigbly discusäed at the Conference at SL Peters- 
burg, and it was sugf^ested that bells sbould lie moiinted on tbe 
ilioon, 80 ns fco attract attention. Hithei'to tbe Iüss has 
lomited t-o sometbing in tbe neighbourbood of 4 per cent- 
the balloons fall into water tbe instrumenta are naturally 
st, unless HergeseH's plan is adopted of attaching tioats and 
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1(12. — Windv hougcnt AHsninnM's aeronautitjal observiitory* 

^awing attention to tbe spot by means of a second pilot 

Jloon, If tbey fall into a wood tbey are generally found, 

^oer or kter. 

There is a general Impression tbat ascents witb kites are much 
cbeaper than those witb ballixins, but tbm is not tbe m^e. Any- 
one who hm done practical work with kites will know tbat tbey 
" -e cheaper in tbe first instance, btit tbe eost of maintenance is 

-eater. A kite is often smaelieJ to pieces by tbe wind, and tbe 
inötrumentß are eitber destroyed or rendered more or lesa iiseless. 
"^iven if ic^eat eare is taken, tbe wire bolding tbe kite raay be 

•oken, and several miles are eitber lost or unfit for furtber use, 
(onsequently tbe cost of maintenance is so great tbat kites are 
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iM tha Innrer hstf Ui<« f^urves ttre miu'k^ by & [loiitter an n ptecn nff paper ttiat bas ti4iti[i uoiiteU wUU 
•OU'L lli«:!!» cui'v«i «1« «b,owu cltjArLy In thc tipptif luilf of tliü lUufttiutLäti, 

It is intended io tiee a motor-boat for the purpose of startiiig tbe 
flight. The Kaiser has taken great iiiterest in seientiiic balloon- 
ing, ai3tl was present at Üie inauguratiou of ihe new observatory, 
logeüier wilh Ihe Prince of Monaco and otbor well-kuown 
metreorologiBti« 
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The great^t height reached by a bpAloon wiüi recotilin; 
inntriiiuents wbs 85,000 ft ; and ihis took place at Btra&Äliifg 
on August .Hrd, 1905. The highest asceot with a kite was ma4t 
trom Lindeulierg öd November 25th, li*05» whi*ii an aUitude d 
21,100 tu was reached* The he%ht whicb u balloon will reaA | 
under tbese coriditions depi^nds of course entirelv oa tli« 
qtiality of Lhe materiiiU. Il is possible that some liltle ixsm ^ül| 



elapBe betöre aBcants will be tuade over the stirface of the Sclmr-I 
mützelsee, and it will therefore he well io coBSider whai b^s | 
already beeii done by way of carryiug out obeervations above the | 
surface of lakes and seas* 

The greater part of the earth's surface ie covered wilh wataft 
and the exploration of the atinosphere that lies over the sea ii 
an absolute neeessity if any progrees is to be made towardi iht 
disGovery of general lawg. Rotch örst |K>uited this out, and §ml 
up ballooiJH with recordüig inötrutuents ovax' the sea. In tlia 
spring of lüOO, Professor UergeBell Bent up a kite bj means of a 
iDotor-boat orer the Boden gee» and loon the number of obBervera 
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increased. Eotch and Teisserenc de Bort crossed the. Atlantic, 
Berson and Elias went to the North Cape, and Hergesell made 
an expedition with the Prince of Monaco in the Mediterranean 
and Atlantic. Hergesell has lately started an observatory for 
the porpose of studying the air over the Bodensee, and a motor- 
boat has been constructed for starting the kites. 

The results of the observations of Hergesell and the Prince of 
Monaco are very interesting, as are also those of Botch and 
Teisserenc de Bort. It is here only possible to give a general 
outline of their results.^ With kites Hergesell reached altitudes 
0f 20,000 ft., and with balloons of 47,000 ft. ; and he concludes 
L tbat above the Atlantic, which he crossed in the yaeht Princess 
ti belonging to the Prince of Monaco, there are three atmo- 
layers. The lowest of these has adiabatic temperature 
its, with a decrease of 1? F. per rise of 180 ft., and con- 
i mach moisture. The middle layer is very dry, and shows 
deerease of temperature, but rather, on the other band, a 
{ht increase. The uppermost layer has a very decidod 
nperature gradient in a downward direction, and contains 
»moistore. This last layer reaches to a height of 30,000 ft., 
which level Teisserenc de Bort and Assmann have found 
'^tibat the air tends to become warmer over the mainland. 

An interesting investigation related to the question of the 
trade winds. In consequence of the revolution of the earth on 
its axis, the trade wind blows from the north-east in the northern 
hemisphere, while in the southern half it appears as a south-east 
wind. Between the two comes the belt of calm. Seeing that 
the trade winds blow from the poles, it seems reasonable to 
Buppose that at higher levels we should find winds blowing in the 
opposite direction towards the poles. But it now seems that 
this view is likely to be incorrect, though it is said that the 
ßmoke from the volcano Pic de Teyde on Teneriffe blows from 
the south-east after it has reached a certain height. Hergesell 
examined the zone lying between 26° and 38° northern latitude 

* Füller particulars are to be found iii the " Annais of the Astronomical Observa- 
tory of Harvard C'ollej,'e," vol. 43, part 3, which contains the results of Kotch's 
expeditions ; also in "Beiträge zur Physik der freien Atmosphäre," 19n4 and VM)Ö ; 
and in the Meteitrologi^clie Zeittchrift^ November. 190."). 
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and between 10^ and 4SP longitade vest of Greenwich up to 
levels of 47,000 ft., and fotmd that the ^rind mostly blew fnnn 
the north ; only on one day at a height of 6,000 ft. it appeaied 
to blow from the soutb. Teisserenc de Bort and Botch did 
their mork slightly to tbe north of the Canaries, near the Asores; 
they found, like Hergesell, ^-inds blowing from the north-east 
and east at the lover levels, and at greater heights it blew 
from the west and south-\^'est. Tbis work promises interest- 
ingresults, biit it doe» not appear to be quite so simple as was 

supposed. 

^.f''*''''^^^^^ It may be interesting to de- 

/^ ^^^^^^^I^^L scribe the Sensation s of the human 

/ ^^^^1 ^^^ body at these high levels. An 

/ ^^^^1^%^^^ account of a joumey ondertaken 

I ^^^^^L ^^H ^^ Count Zambeccari at Bologna, 

I ^^^B^B^^^H in 1803, is still in existenee. He 

J^^^^r^^^H made an ascent with two friends 

^^^^^^rj^^^H in a Charliire, which vas to be 

^^^^^^^^ f ^^^^^ \ heated \^'ith a big spirit lanip. 

^^^^^^^^^^^^^V The balloon had so much lift that 

^^^^^^^H^^^^^F Zambeccari and one com- 

^^^^^^^^^^^^m soon became unconscious, 

^^^^^^^^^^ while the other, who had not done 

^^^^^^ bo much hard work on the pre- 

parations before starting, was 

quite unaffected, and succeeded in waking them as they were on 

the point of falling into the sea, Before they had succeeded in 

throwing out any of the ballast they found themselves in the 

water, and then i)rocoeded to throw overboard everything on 

which they could lay hands, including instruments, clothing, 

lanips, Propellers, ropes, etc. The balloon at oncerose to a great 

height, reaching a hij^her level than that from which it had 

prttviously fallen. Breathing became very difficult; one became 

seasick, anolher had bleeding at the nose, and in consequeuce 

of the severe cold all their wet clothes were covered with ice. 

Tlie balloon Koon descended agaiu, and once more feil into the 

sea, the aeronauts being rescued as they were on the point of 
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irowniog* Several of Zambeccari's fingera wer« so frostbitten 
lat they had to be cut off. 

Glaisher and Coxwell made a remarkable aaeent in Sep- 

^mlwör, 1862. The balloon bad so much liEt thafc at tlie end 

>f IB uiinuleB it was 10,öOO ft. high, having risen afc the rate 

if 10 ft, per seeond. At this height the temperature was at the 

jzing point. At 16,0CM) ft, Coxwell began to lapse into a 

^»oiatosa Btate, whereas Gb^isber waä unaffected. They man 



Fig. lOB.— Kite im^eiUa oö the Prmee of MoBfleo*® jaeht in 
the Meifitermneaii. 

I reaehed an altitude of *29,000 ft., where the tliermometer regis- 
tered 2° F. The Bensations they experieneed have been well 
described by Glaisher in the foUowing worde : — 

'* üp to tbis moment I had been able to take my observa- 
18 without being inconvenienced by any breathing troubles, 
aereas Coxwell bad often lapsed into unconsciouBness* Biit 
I fioon foiind 1ha t I was no longer able lo see the niercury 
column of the wet-biilb thermometer, and after a wbile the 
eame tbing happened with the band 8 on the dock and tbe fine 
marke of division on the iix^trumants. I therefore aaked Coxwell 
to help me, as I could no longer see to do the work. Bat tbe 
balloon had been in a constant Btate of rolation, so tbat the 
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ro^ies connected to the valve had become entangied; Gonrdl 
therefore climbeil up f rom the basket and managed to free fchem. 
I niade another reading, and noticed that the barometer reading 
was 9-71 in., ^vhich denoted a height of 29,000 ft I plaeedmy 
right arm on the bench ; and when I tried to move it again, I 
found that it liung from my aide in a paralysed State. I then 
tried to use the other arm, but it was also helpless. I roased 
myself as far as I could, and tried to lean over to read the 
barometer ; l>iit I found that I had lost the use of my limbs, 
and my head feil on my left Shoulder. I made another attempt 




Vui. 1()7. — lifconliug balh»miö on the ss. Planet. 

to re»j:ain the use of my limbs, but it was impossible to move my 
arms. I was indeed able for a moment to raise my head, but 
it sank again on my Shoulder. I feil with my back against the 
side of tlie basket, and my head rested on tlie edge. My arms 
and Iq^'a seemed to have lost all their strength, bat my spine 
and neck seemed capable of some movement with a very great 
effort. But this did not last long, and I was soon entirely 
incapal)le of making any movement whatever. I saw Coxwell 
sitting in the ring, and tried to talk to him, but did not succeed. 
Tlien everythin^ suddenly appeared dark ; the nerves of my 
eyes refused to work, but I had by no means lost consciousness. 
I was in fact just as cloar in the head as I am at the moment 
of writing this. But it was perfectly evident that death was 
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iring me in the face uuless we desceoded at onee. Suddetily 
lost conßciousness. I csnnot eay what the effeet of all thie 
was on myhearing, seeing that there were nosoundstobeheard ; 

fe were at a lieighi of 36,000 fL, where it would be impos&ible 
nr Äöy sounds to reach us from the earth. 
*' AI 1»54 l had made my last Observation, and aBSuming thal 
two ur three minutes bad elapsed in the infcerval, it would now 
be 1.57. Suddenly I beard Coxwell pronounce the two words 
* temperature * and * Observation ' j thia was a sign ibat I 
iha^ recovered consciousneBB, and waa ahle to hear. Bat I coidd 
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neitber see bim nor speak to bim, nor could I make any move- 
ment. Again I heard Coxwell say to me, ' Try to do it/,^']! 
saw tlie intitruments very indistinctly, but all at once everytliiog 
becatne quite clear« I eaid that I bad been unconscious, and 
Coswell said be had nearlj been so, too. He showed me hie 
hauds, which bad been quito paraiyaed and looked hiack. He 
Bald that while he had been sitting on the ring be hiLd been 
overcome by the cold, and had slid down on hie elbows into the 
baiketj as be was nnable to use bis bands. When he saw that 
I was uneonscious, he sei^ed the valve-rope with bis teetb, 
thereby opening the valve. I resumed my obaervations at 
2J p.ui." 



lüiWier^s re|j^jft contains no fiirtlier reference to bis bodiJj 
e»t)illttonE« on this jounif3)% and alter landing be suJSTered m 
turtber discomfurt« H« eistiinaUsd the nmximum beigbt $i 
86,000 tt| bul, aa atready sttited, Afisniann considatB that it 
did not excüi^! t2Ü,5ÜO iL Iri any ca8o, Üiu jauruey was a Terj 
remarkiible perrotuiauce ; uo human being bae iienetimted to 
euch beigbta eitber befure or since witboat taking a mpylj 
of axygen. Glai&her's a^^count gives us a good idea of the 
conditioti vt tbe human organiäm under sucb circumtitanc^s. 
Tbiö letl the way to experiments witb anunals in order U) fitjd 
bow tbey behaved in a more rareBed atmosphere, aud bow their 
conditioti impro\*ed if tbey were supplied ^ith pure oxyg«^* 
Paul Bert carried out some experiments witb smail birds, which 
were placed on the receiver of an air-pamp. He showed that 
all the Symptoms disappeared as soon as the animal was supplied 
wilh oxygen, and therefore constructed a large airtight Chamber 
in order to continue bis experiments witb human bemgs. These 
obhervations gave tbe same result. It was found that the qoick 
breathing with rapid pulse, tbe buzzing in the ears, tbe fainting 
fits and mental exhaustion, ceased at onee as soon as oxygen 
was supplied. 

In March, 1874, two Frencbmen, named Sivel and Croc6- 
Spinelli, made an ascent in order to try tbe eflfects of breathing 
oxygen at great beights. They then found that whereas in ihe 
vacuum Chamber they could very well stand a pressure as low 
as 13 in. of mercury, the same pressure in a balloon caused very 
great discomfort. They ascribed tbis to tbe temperature, which 
was very low, the thermometer reading only 11° F. The 
inhaling of oxygen produced under tbese conditions very great 
relief. They continued their experiments, but unfortunately 
witb fatal results. On April 15th, 1875, Gaston Tissandier, 
Sivel and Groce-Spinelli made an ascent witb tbe intention of 
reaching still greater beights than Glaisber had done. They 
therefore took witb them small balloons, which eontained a 
mixture of oxygen and air. These balloons were fitted wiÜi 
tubes, through whicli the gas might be inhaled as occasion 
required. Sivel was the first to be attacked by a fainting fit, 
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rliiebg however, qaickly passed off- Tissaüdier ineauwhile 
leontmued meteoroloj:^ical and phjsiological obaervationa without 
interruption, Mis pulse inade 110 beata in the minute at a 
height of 13,C00 fL» while it made 80 under normal conditions; 
[at 17,500 iL Sivers pulse was beating at the rate of 150 per 
jmkiute, and Croce'ß at 120, and the rate of breathing incL-easöd 
[in much the same proportion, At 23,000 ft. their strength 



fl::. 



^i-fe^l 



FlO, 1C9*— Baro-themio-hTgrogTaphp desjgned for Imlltxjna with observeis 
by Dv, HergeseH, and miuk by Buöch^ of Stmasburg« 

began to faib and they feil into the uaiial listlesa condition. 
Their Lands became stiff from tbe Bevere cold, and they were 
attacked by giddiness and fainting iits* Sivel and Croce sat 
motionleBB on the bottom of the basket, but Tissandier ^as able 
to see from the barometer that they had reacbed a height of 
26,000 ft., aüd then also liecame unconsciouB. After some time 
he was aroused by.Croce, who saggested that some baltast should 
b© thrown out, ob the balloon was falling rapidly. But Croce 
bad to de it him&elf, ae TisBandter agam loet con3eiou8neäs. 
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After a wliile Tissandier recovered his senses, bat he was onahb 
to arouse bis companioiiB» wbo bad been snffocated in the mna- 
time. He managed to land after being dragged heavfly akng 
the ground for some distance. Sivel and Croce had been 
Buffocated at a beigbt of 27,000 ft., owing to the fact ihat thef 
no longer bad tbe power of inbaling the oxjgen. 

In Germanj, expeditions to great beights have been made by 
Herr Berson, Dr. Süring, and Captain Gross.. A few partieolan 
may be of interest. The first ascent of any importanoe wu 
made in the "Humboldt'* on March 14th, 1898. The thItb 




Fi(}. 170.— Baro-tliermo-hygrograph, desigueil for kites by Dr, Hergesell, 

aiui Diado hy Bosch, of Strassburg. 

(From " Die Umschau.*^ 

oi)ened unintentionally at a height of 10,000 ft., while on the 
descent, and the balloon feil to the ground in 10 minates. 
Gross and Berson had proposed to rise to the greatest height 
possible, without the use of oxygen. Pulse and breathiug began 
to l>e hurried at a height of 16,000 ft. Even the sligbtest exer- 
tion was found to be an effort, and to be accompanied by verj 
decided beats of the heart. At a height of 20,000 ft. they were 
unable any longer to do their work, and tbe lifting of the heavy 
sacks of ballast becanie an iinpossibility. Tbe stomach is unaUe 
to take food under these conditions, but a sip of wine or brandy 
acts as a restorative, thoutrh this efifect soon dies away. In spite 
of their rapid fall the balloonists sustained no serious injories. 
Captain Gross was slightly injured in the ribs ; otherwise they 
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only suffered from bruises, and, after resting a few days, were 
able to retum to Berlin. 

The ascent of December 4th, 1894, ought also to be mentioned, 
becaase Berson then reached an altitude of 80,000 f fc. The 
balloon "PhcBnix" was used on this occasion. It had a capacity 
of 92,000 cubic feet, and was filled with hydrogen at Strassburg. 
Berson made the ascent alone, and took with him a eylinder 
containing 35 cubic. feet of oxygen. In order to reduce the work 
to a minimum, the saeks of bailast were suspended outside the 
car, and it was therefore only neces- 
sary to cut the string round the 
mouth of the sack in order to empty 
the bag. Berson had learnt a good 
deal from his previous trips, and 
accordingly had a long night's rest 
before starting. He was conse- 
quently able to reach an altitude of 
28,000 ft. without the use of oxygen 
and without any serious inconveni- 
ence. At a height of 26,000 ft. he 
noticed that his heart was beating 
rather strongly when he happened 
accidentally to drop the tube con- 
nected to the eylinder of oxygen. 
Witha great eflfort he rose still higher, 
to 30,000 ft., when all the ballast was exhausted and the thermo- 
meter showed a reading of - 54° F. He was obliged to descend, 
though he was still in a physical condition to hold out longer, even 
at a greater height. On another occasion Berson and Dr. Süring 
sncceeded in reaching a level of 35,500 ft., which is probably 
the greatest height at which existence is possible. A balloon 
with a capacity of 800,000 cubic feet was used, and in the niiddle 
of July, 1901, a trial trip was made, Berson and Süring being 
accompanied by Dr. von Schroetter of Vienna. The balloon was 
filled three-quarters füll with coal gas, and rose to a height of 
25,000 ft., during which time Dr. von Schroetter carried out 
physiological observations. The training which the observers 




Fig. 171. — Baro-thermo-hygro- 
graph, deaisned for recording 
balioons by Dr. HergeseU, 
and made by Bosch, of 
Strassburg. 

(From '* Die Umschau.'*) 
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anderweiit was carioas. Bert had plaoed himaelf in a 
chaml)er, where the pressore had been redQced io 97S ul 
mercury in 85 minutes. A man named Mosso had 
pressure of 7*5 in., whieh correeponded to a height of 
Berson, Süring, and Sehroetter went into the vacnom chsnibgr, 
and the pressure was lowered in 16 minatea to 8'85 in. ü» 
pump did not admit of a more perfeet vacnum. At this pressoi^ 

rabbifcs were küled ii 
1^«- ^ ' 1 IJ hours, bttt pigeoBi 

raanaged to 
though they 
aboiit helplessly oü i 
ground. Schroett 
made car^fnl ob 
tione on the puke^ ] 
of breathing, eUu^ \ 
reportsas followü: "^1 
were now smrrot] 
by an atmospbert ^^ 
I^reBsurfl ütlVH 
Whüe the xitärtury 
sinking, we notic^d.i 
feeling of leUm^ 
againat which we strri§ 
gled by breathing as 
hard as we could. But 
this did not help mach. 
Oor faces became very 




Kkj. 172.- l^roft-ssor Süring, of the Pruiisian 
Meteon)iogical Institute. 



pale with a somewhat livid colour ; our heads were drowsy, cur 
legs treml)led, our hands lost all power, and gradually we 
lapsed into a state bordering on unconsciousness. We breathed 
a little oxygen out of the receivers, and feit at onee refreshed. 
All the distrcKsing »ymptoms disappeared, and we seemed onee 
more to be in füll possession of bodily and mental faculties. 
The pressure gradually sank still further ; but as we continaed 
to breathe oxygen, I was able to continue my observations on 
the pulse, reflex actions, dynamometer, etc. The pressure 
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sU below 10'25 in,, which corresponds to a heighfc of 28,000 It, ; 

18 observattons were theo concluded, and it was posaible, even 
1^ this ]>refisnre, to snioke a eigarotte/' Schmetter is satistied 
IhAt ihe ballooniät iö liable to be attaeked by alt fche symptoras 
>f moüfitaiu öickoeas. A sleepy, lethar^ic sfcate is indiiced, and 

le siniplest thiiig requtres a great effort. To ataticl up or to 

lud tbe body becomes a vei*y exhanstiug oiieratioii. The rauscles 
not remaiii under coütrol ; both SLghfc and Imauing are affeeted, 
md tbe mere effort. ol tbinktug h wearisome. 



^^- 



Fi€3* 173,— Tbe ballootj, '♦ TrUÄ^ia " W. 



iJed wäth gas. 



As an instance ol tbe way in which the bodily and mental pro- 
oessee are affected^two ßpecimeiis of Schroetter 's writing are bere 
neprodiieed ; the one was done imder normal condiiionB, and tbe 
other under a pressure of 9 "45 in, The trembHng of thö band 
is very noticeable, and the diflSeuIty of focussicg the mind is 
sbown by tbe fact tbat tbe word nirk is repeated, whereaa 
nicht sboiild bave heen dritten once* If the patient sita 
perfectly still, the loss of power takea place more slowly j but 
if tbe smallest effort is madü, such, lor iostance, as standing up 
or lifting the lightest thing, it iö certaiu to he accompanied by 
utaggering or fcrembling- Shortness of breatb and t^eatitig of 
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tha heart are accompanied by oevere haadacha ; tlie preäsur^d^ 
tha blood decrea^e^, wbile tixe rate of ibe palaa increases, 

Oq the trial trip, when ibe balloon rosa to a height of 24,500 ft, 
and tha themiometer feil to —8^ F., all Scbroetter*8 concliigionn 
wera verified, and in parlicitkr it was foand tbat the inlialingot 
f oxygen was Bufficient to ward off most of the troablesome symp- 
tomi» Tha tbree ubgarvers were perfectly well, and abla to 
undertake the most complieated measureiuente aa well m to 



Fia, 1 74 »—Herr ton Schroettet*» ofdloJkTX hÄndw-dtm^. 

enjoy the view from tba car. Schroetter eonsiders that SiVel 
and Croc^ nndoubtedly roet their deatb throtigh neglectiug to, 
take a suf&cient eiipply of oxygeo, and }>ogBiblj also througb 
waitüifi too long before beginning to inhale it, Bert sfaowed 
that one third of a cubic foot of air mixed with oiygen, md 
contaiiiing 70 per cent. of oxygen, ig required per minute up to 
[a height of 23^000 ft., bui for heights above tbis pure oiji^önis 
neeessary. Therefore Croce-Spinelli and Sivel ought to hÄve 
taken 46 cubic feet of air mixed with oxygen, and 64 cubic leet 
of pure oxygeu, and it is certain tbat their stock was tiothing 
Uke tbis. 
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All preparations bad been earefuUy made when Beraon aud 
lünng started qu their reeord-bieaking joiirney on July 31st, 
901. They rose to a heij^hfc oE 35,400 iL, and ealculated before- 
and from tbeoretieal considerations tliat human life was impos- 
ble at a heigbt of 86JO0 ffc. Riiring^g description of the aaceot 

as foUowB: — *VAt 10.50 a.m. the hallooii 'Pruasia' hegan to 
Bcend. It had a capacity of 190,000 ctibic feet, and had been 
lled with hydrogeii. It carried abrmfc 3^ tona of sand and iron 
ings as ballasfe, and rose very gently io the air under a slight 
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:^. 115.-- Herr vou Hchcoetter'a hftndwtititig under an itmospherie ppeaaure dt 
1>'45 jtiches of merc ory* 

(Pbotograph f^om Xnnti' " HühnnkUiOJi und Oer^WAUdi^rungisn/') 

north'West wind, the sty beiiig partially covered with cirrus and 
eutnulus. The balloon was ratlier more than half fuU and rose 
quickly but steadily; in 40 minutes it had reached a beight of 
1G,000 ft., and at this stas^^e it had aBsumed a spherical shape, 
\Ve [lad with U3 four cyliiiders of coinpresBed oxygen, eaeb hold- 
ing 35 cubic feet. Soon we began to turn to the right, and onr 
«011X66 was directed somewhat towards the south of Potsdam. 
Before tbe Start the temperature had been 74^ F> ; it had 
Bow guok to 111' F. We began to inhale OJcygen at a height 
between 16,000 and 20.000 ft, but rather as a precaiUion and 
with a view to aaving our strength tban from any actaal neces- 
Bity, The balloon seemed to be rising steadUy, and we threw 

T 2 
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out largG (|iiatitttii'!S oi ball Ast cantinnallj, in amonnts ^^atring 
froiii lyO \lh to 830 lli, Then when a positiou of equilibrium 
was rea^hed, a coniplete s^sries of ob&ervatiotis woultl be tak€n 
after uhieh riiore ballast would be thrown out* 

**lieiiide8 the ordinary rcaadiiigs on the barometer, we look 
note occasionally oI the readings giveu by two black-bulb tber- 
mometers, ane of which was fipecially protected from do^rawird 
radiattau and the other from upward radiatioiL After threehotirB 




Flu. irü.— The tjÄtloön^ *4*rus&ift," lialf fall of gas. 

we had risen to a height of '26,000 it., and in four hours wb 
reached an altitude of *2n,50O ft., and soon after we eclfpsed the 
record, whicli tili then had slood at 30,000 ffc. This heigbt bad 
been reached on December 4th, 1894, The pressure was iiow 
less tban 10 in,, and the temperature was —25^ F. Oar 
E^leepineea inereased, wbieh ^^vas not remarkable, Beeing timt 
we had had only four or live hours' sleep the night before, But 
it got no furtber tban nodding, and we roused one another from 
time to time. Each little effort seeroed to reqnire more wiU power* 
We had sufficient eiiergy to carry out the readings and note them 
in the hook, and we could also throw out the ballaBt ; but as for 




VUi. 177.— r he ballüODt ** rnissia*" gütiiag re«dj for an »icent. 

** The last obBei-vation wus made at 3.18 p.m. at a height of 
38^500 ft.t when the barometer read 8"27 in., and the therm o- 
meter stood at —40'^ I\ These figiires were elearlj written 
dawB in oiir notebooL We soon feil at intervals iüto a Btate of 
uncoosciouBnesä ; Bereon pulled tlie valve-rope several times, 
when he saw lue do^ing off, ^\Tiile puUmg the rope, Le.^ about 
5 minutes after the last recorded reading, he looked at the hara- 
meter, which regiötered exactiv 8 in,, correspondiug to a height 
uf 34,500 iL Ät 33,500 ft< we had throwii out 400 Ibs, of bailast, 



278 AIRSHIPS FAST AND PBE8ENT. 

and oor reoording barometer shows that we were still ^Mw^n^im 
when Berson took his last reading. We probably rose anoäur 
1,000 ft., and eertainly reaehed an altitode of 86,500 tL, or 
possibly 86,000 ft But at this moment the effect of fhe tsIt»- 
rope began to be feit, and we began the downward jouroey. No 
doubt we passed from a state of unconscioosness into a heaty 
sleep, and we awoke in tbree quarters of an hoor to find (he 
balloon still sinking. It was then at a height of 18,000 or 
19,000 ft. We were still overcome by a feeling of gnat 
exhauBtion, which was specially noticeable when we tried to 
move hands or feet ; and though we had regained conscionsness 
completely, it was still impossible to do anything or to move 
anythin^; or anywhere. Later we puUed ourselves together to 
such an extent that we had control over the balloon, but it was 
still quite impossible to resume our readings«" 

The fact that the obser>'ers lost consciousness was due, accord- 
iii[; to Schroetter, to the method of breathing ; it is quite likely 
thiit they did not, as a matter of fact, inhale a sufficient amoiint 
Sivel and Ins companions inhaied oxygen out of balloous; at a 
later date coinpressed gas in steel cylinders was used, the 
cvliiuIiTs lieing litted with a rubber tube which ended in a 
nioutlipiece of glass. There is a certain element of danger 
aliout this ])Ian, inasnnich as it is possible for the mouthpiece to 
drop out of the mouth. Attempts have been made to use Hquid 
all* or liquid oxygen, but so far without any great suceess. 
Schroetter believes that accidents would be impossible if a 
mask were used. 

The nielhods used for exploring the atmosphere by means of 
recording instrunients are being daily improved. It will, there- 
fore, be no great loss if the use of balloons with observers is 
abandoned, especially seeing that such ascents are mach more 
expensive and laborious. It may, however, be remarked that 
these high aseents have not peimanentlv injured the health of 
any of the obhervers, and that the ill effects pass oflf almost at 
once, as ßoon as Ihe ground is reaehed. Still it must be admitted 
that Tissandier has become deaf as the result of bis memorable 
ascent. Quite lately, too, the tympanum of a man's ear was 



cracked at a h&h^hi of 10,000 ft., tbongh he had previoiisly madö 
over 100 ascentB, airtt liad ofteii reaelied hei;j;htö ol 23,000 ft In 
aiiy cuöG it is to be lioped thiit Uiere will be iio further attenipts 
to break the reeoid in thia departiiient. 

Oll njelegrolo^ieal expeditiona obBervations oii utmospheric 
electricity ouglit not to Le neglected* Tliere is mneli to be done 
hl Ibis iield ; tm u toatter ol faet, we knovv even rnnvadays Uttle 
more tbun wim knawu in the days of Fnuiklin aiHUnBiminediate 
meceesorä. The potential 
gradients ongbt to be in* 
vtfötigated, aa aiso the eon- 
dtictivity of tbe atir^osphare. 
The term '^potential*' ia 
tised to denote Uie differenee 
iti physical ätata of two 
bodiea eaming electrical 
charges* A body at high 
poteiitial ean only discliarga 
by lieing placed in electrieal 
contaet with a body at lower 
Potential, and poteutial 
gradieiilB are meuBurecI by 
tbe fall üver a given distaoce. 
Tlie principal workers in t bis 
depai Imeat are th© French- 
luaii Le Cadet, Logether 
with l'rofessor ßorustein, 




Flti. 178, — Viklur bi Iberer, preskh^iit «>f 
the Aero Club, o( Vjcaim* 



l)n Linke, Dr. Ebert, Dr. Gerdien, Professor Boltzmann, Dr, 
Evner, Dr. Tmna, Dr. Scblein^ etc, 

Lately lueteoiülogical obtiervations bave been made in Yienna 
al rbe infitigafcion of Viktor Si Iberer. He fiaa ßtted out several 
such expeditions at bis o%vn cost, some of whieh bave been 
carried out by members of the Aero Club, sudi bb Dr, Sclilein 
and Dr. Valentin, Viktur SilLerer has ftequently bad to apply to 
tlie AnsLrian pailiament für fundä and has notalways mal with a 
very ready rebponse. Still it must be adniitted that under ratber 
dieadvanta^eouä condilions the Austrians hava dotie good work* 
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Meteorology has derived considerable benefit from btUoon 
ascents and the astronomers have also done the same. The 
halloon is specially useful when it is a matter of observing aon 
rare phenonienon which may be hidden by a doody sky. The 
first ascents of this kind were made by Spencer-Bush in 1848^ 
and Weish also did work ander similar conditions for the Kew 
Observatory. On November 16th, 1867, Wilfrid de FonvieUe 
made an ascent in one of Giffard's balloons for the porpoee of 
ob8er>4ng falling stars. It has been already sLated that tiie 
astronoraer Janssen left Paris in a balloon on December2nd, 




Tu;. 171».- The shadow of the balloon is seen on the clouds, 
togcther with a halo. 

1870, in Order to go to Africa for the ob8er\'ation of a solar 
edipse, and this perhaps is some explanation of the inierest 
which he has since taken in ballooning. Wilfrid de Fonvielle 
and Madame Klumpke made further ascents for the purpose of 
observing falling stars. In November, 1899, by international 
arrangemcnt, several simultaneous ascents were made to observe 
tho Leonids as thev crossed the path of the earth*s orbit. In 
France ^ladnmc Klumpke and Count de la Yaulx made ascents, 
in Strassbur*^' the author in Company with Dr. Tetens and Dr. 
Biiiiwerker did the same, wbile England was also represented. 
ün the evening of November löth, the sky at Strassburg was 
ünlirely covered with cloud ; cousequently no observations could 
be made in the ordinary way. But from the balloon ten falling 
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«t&TB wera seen, ßye of ^hieh wäre in Lec^ and consequently 

belonged to the groupcalled the Leonids, There was, howevei%a 

aligbt tiiiscalcalatiüii in the malten It snbsequently appeared thafc 

owing io disturliatices eaused by Jupiter, the maximum took 

place a day sooner than had been predicted. and the whole thing 

was on a mucli ßmalkr scüle tliaii had l)een expecfced. In France 

id England aseeiifcs 

made every year in 

Order to observethe faU- 

iDg g^ars, and tbis was 

also done in Germany 

in 1900, In Germany 

agtronomers are apt to 

look askance at baUoon 

observatious, though 

Jaiiösen and others are 

of a different o[miion. 

At the Conference at 
St. Petersburg ihe com- 
m and er of tbe Bpanisli 
Balloon Corps» Don 
Pedro Vives y Viehes, 
staied that he intended 
to organise a nuniber 
of asceiits for obaerv- 
ing the total eelipse ut 
the suu which would 
he visible at Burgos on 
August 30 th, 1905, and that he was prepared to offer a aeat in 
the car to a loember of the Conference. Accordingly three 
halloQUs made tlie ascent at Burgos on the eventful day* Yivea 
y Viehes was on board one of them, and with bim wer© a Spanish 
physicist and Professor Bereou* Severtil meteürological questions 
were to Ije conBidered* In the first place it was to be ascertained 
whether there was a deerüase of temperature during or after 
totality« BersDD stated that any fall in temperature would be 
very unhkely, seeing tltat ut a height of eevei-al thousand feet 




Flo. 180.— Tte shadow of ihc IäUüoü ia caat oö 
tbe clöudsi and tbe cnv b ^cen surrouudcd 
by a rainbow. 
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no effect is prodaced on the thermometer by the aettuig of äie 
8un. It was furiher to be diacovered whether the wind veend 
round tbrough almost an entire circle ; the Amerieana Hdm- 
Clayton and Uotch asserted that this was the caae» and theyhad 
already made observations of five total eclipses. 

The breadth of tbe zone over which the eclipae was total vis 
only 112 miles, and it was necessary to prevent the balloon from 
being carried out of this zone before the event happened. Thi 
a^cent was therefore deferred tili tbe latest possible moment, and 
tiie balloon only just succeeded in rising above the bank of 
beavy cumulus with which the sky was covered before theeelipse 
iock place. It only lasted 3f minntes, and the astronomers on 
the ground level liad a rare piece of good fortune when they saw 
tbe elouds clear away just at the moment of the eclipse. As for 
tbe balloon, it was only at tbe last minute that it succeeded in 
surmounting the elouds at a height of 12,500 ft. This was dae 
to a curious aecident. A large frame, 6 ft Square» had been 
covered ^Yith linen, and was intended for observing some of the 
peculiar elTects of the eclipse. It had unintentionally been 
allowed to slip down durin«^ the ascent, and it was imi)osöible to 
pull it up ji^jiin. Jt consequently reuiained below the car in 
such H Position tliat it caught most of theballast that wasthrown 
out. Till' Situation looked serious until oue of the occupants of 
tlu; car noticcd that they were over a mouutainous district far 
froni human hahitation, and suggested that it might be possible 
with a bit of a swing to throw whole sacks of ballast, fiUed just 
as they were, without doiug any damage. This was done, and 
they managte! to asäcend in time to see tbe eclipse. 

The results of the meteorological obj-ervations were tbat no 
decrease of temperature was noticed during or after the eclipse, 
and that no conclunions could be drawn as to the directionof the 
wind hecause the earth was hidden by elouds. Berson gave a 
description of the Bcene before the Berlin Balloon Club. The 
hky aHsumed a huc of mauy colours, and the flames shot oat 
from tlie corona produced a marvelloua eflfect, with the brightness 
of beaten silver. The size of these Üames seemed ratber smaller 
than when seen from the earth. Tbe speed with which the 
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Bhadow of the moon was chased over. eartb and clouds was 
tremeudous ; this apparition was difficult to describe in words, 
and looked like the flight of some huge bird, sbadowed against the 
clouds. The darkness was so intense that an electrie lamp had 
to be used to read the Instruments. When it is remembered that 
at any given spot the duration of a total eclipse is only 8 minutes, 
and that they are so rare as only to occur once in 200 years at 
the same place, it seems a wise preeaution to prepare balloons for 
the event, in ease of a cloudy day. 

The compass is a very necessary instrument in a balloon, and 
is particularly useful on a cloudy day, when intermittent glimpses 
of the eartb are obtained through gaps in the clouds. It has 
also been proposed to use the decUnation and inclination for 
determining the exact position of a balloon above the clouds, but 
at present nothing is known of the application of such a method. 
Various optical phenomena can be observed from a balloon, such, 
for instance, as the aureole. An enormous shadow is cast by the 
balloon on the brightly lighted clouds, and the car appears to be 
in the middle of a rainbow. Sunrise and sunset either over the 
water or in the mountains are wonderful sights, and anyone who 
has once seen them is not likely to forget it. 

Balloons have also been used on Polar expeditions. The mairi 
difliculty appears to be to make suitable arrangements for a 
journey that may be much longer than is expected, and also to 
be able to meet dangers caused by unexpected descents on the ice. 
The unhappy results of Andree's expedition will help to point the 
moral. More plans have lately been suggested for reaching the 
poles by means of balloons. Wellman and Count de la Vaulx 
propose to fit out an expedition for this purpose, and it can 
hardly be doubted that success will sooner or later attend the 
eflforts of some of those who propose to float over the 
North Pole. 



CHAPTEB XX. 

BALLOON PHOTOORAPHT. 

It was on August lOth, 1889, that Arago made known to the 
Academie des Sciences the discoveries that had been made by a 
painter iiamed Daguerre and a cavalry officer nained Niepee. 
With the aid of liglit they were able to make pictures of any 
object, and with their discovery the modern art of photography 
had its birtli. Arago suggested that the makingof plans and mapa 
would be mach simplified, and a Frenchman, named Andraad, in 
1855 drew attention to the value of the bird*8 eye view as a 
l)ieee of docunientary eWdence. But Andraud can hardly be said 
to have )>een the inventor of balloon photography» any more 
than Jules Verno with all his adventurous iales can be called 
the inventor of the dirigible airsbip. A man, named Nadar, 
in 18r)8 was thcJhst actuiilly to take photographs from a balloon, 
but in tliosc daws tlie niethoil of operating was very cumbrous. 
The ori^^inal process consisted in the preparation of the photo- 
j^'iaph on a c()i)i)er phiLe, that is to say, one finished product 
correspoiuled to onoexposure ; from this, the next stage consisted 
in tliö idea of the ** negative,'* from which any number of 
** positives " could he priiited. Still even so, wet plateshad to be 
used, and it was necessary to expose and develop them 
imniediutely after they had been prepared. Naturally a process 
of this kind did not readily lend itself to balloon work. 

According to the wet process the glass plate was covered witb 
iodised collodion, and then dipped in a bath of silver Solution. 
If such plates are used, they must be exposed and developed 
before they heconie dry, otherwise the silver iodide crystallifles 
out and no picture is ohtained. Nadar made his first attempt 
in a eaptive balloon, in the car of which he had fitted up a sortof 
dark room, consistiiig of a round tent made of an orange-coloured 
nuiterial and lined with black. The ascent was a very costly 
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affair, but was unsuccessf ul owing to an accidental leakage of coal 
gas from the balloon, which spoilt the plates. The reason of this 
was that the car was too close to the inflating tube of the balloon, 
a defect in the design which was common enough in those days. 
On a later occasion he succeeded in taking his photograph on 
freshly prepared plates and then descended immediately for the 
purpose of developing them. This plan worked well and was 
always adopted afterwards. During the war between Italy and 
Austria, he was invited by the Italian Minister of War to take 
some balloon photographs of the enemy's position at Solferino, 
but tbese attempts turned out failures. 

Two or three years later we find the art adopted in England 
and America. King and Black took photographs of Boston from a 
balloon, and Negretti, who had already done work in Italy with 
the encouragement of the king, now turned his attention to 
London, where he took photographs from a balloon. No details 
are known as to the results of these experiments. 

During the American Civil War, balloon photography was used 
for scouting purposes. An amateur balloonist, named Lowe, 
went up in a captive balloon at Eichmond, and took photographs 
of the fortifications in the neighbourhood, going as far as 
Manchester on the west, and Chikakominy on the east. These 
exposures, when developed, showed the dispositionof cavalryand 
artillery, together with all the earthworks. The several photo- 
graphs were divided by lines into a number of spaces, which w^ere 
indicated by letters AI — A64, Bl — B64, etc. General Mac- 
Clellan kept one copy and Lowe kept the other, an arrangement 
being made by whicb Lowe was to communicate the movements 
of the enemy's troops to headquarters by means of the lettering 
on the maps. The System is still used, if the circumstances are 
snitable, as for example in the case of a siege. For the observer 
in a balloon, a photograph is much more convenient than a map 
for finding a given place; the eflfect of perspective produces 
distortions not shown on a map, and buildings, forests, fields, 
etc., are much more easily recognised on a photograph, On June 
Ist, 1862, Lowe signalled from a height of 1100 ft. that the 
disposition of the enemy's forces showed they were intending to 
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make a aortie. General MacClellan was therefore able to makB 
arrangements accordingly, and in the coarse of the same dij 
mach more usefol Information of a aimilar kind was seilt to 
headquarters from the balloon. 

Some years Uter Nadar*8 son continaed the werk, and made a 
aeries of photographa of Paris in this way in 1868, whieh may 
still be aeen in the Mos^ Nationale. Döring the Franco-Proa- 
sian War Colonel Laussedat saggested that photographs of the 
German positions should be taken from a captive balloon, bot 
the attempts were unsuccessfol. A photographer, named Dagron, 
made use of a dark room, similar to that originally osed bj 
Nadar, and ^vith the help of one of Gifiiard*8 balloons, suceeeded 
in taking some photographs of Paris of a size 11 by 8} in., which 
were fairly successful. Triboolet first nsed dry plates on an 
ascent undertaken for meteorological purposes. He was an archi- 
tect by profession, and being mach interested in meteorology, 
made an aecent on a very wet day with the intention of photo- 
graphing some of the rain-clouds. His well-meant efforts 
deserved a better fate. The balloon was driven down by the 
heavy rain, and he barely avoided a collision with one of the 
towers of Notre Dame, only to fall a minute or two later intothe 
Seine. He was soon rescued from the water, but feil a prey to 
the autliorities of the oetroi, who had seen bis balloon float in 
from the Buburbs. They subjected bim to a lengthy cross- 
examination, and linally insisted on examining his belongings 
in Order to see whether he had anything liable to duty concealed 
about his balloon. His double-backs naturally cansed suspidon, 
being then something of a novelty, and the plates were therefore 
ruined by ex^^sure to the light. 

Excellent resultH were obtained by Desmaret in a free balloon 
in 1880. He made bis exposures at a rather greater height than 
had been usual up to that time, and certainly worked in a wrj 
skilful and scientific fashion. He used a lens of 11^ in. foeal 
length, and bis pictures, which were taken on plates 8 by 10 in., 
bhowed every detail ciearly, even at great distances. He was 
able to take an area of 10,000 Square feet on one plate, reducing it 
in the proportion of 1 to 4,000. Most of his exposures were 
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made through an aperture in the floor of the car, and the 
shutter was worked electrically. He determined the exact 
height at which the photographs were taken by means of two 
barometers, and endeavoured to find the effect produced by the 
movement of the balloon, noting, as far as possible, the speed at 
the moment of exposure. Dry plates at that time were suffi- 
ciently sensitive to allow of exposures of a twentieth of a second, 
and he consequently got some very sharp pictures. The speed 
of the balloon was about 20 ft. per second, and it therefore 
travelled over a distance of 1 ft. during the exposure, a distance 
which was insuflScient to cause any perceptible lack of sharpness 
in the detail. He also took some good photographs of the clouds, 
and enlargements of bis results may be seen in the Conservatoire 
des Arts et Metiers. 

From this time onward, Photographie work was continually 
done both in France and England. Shadbold took some photo- 
graphs of London, and Woodbury in 1881 proposed an arrange- 
ment by which captive balloons could be made to do the work 
without an observer. The plan was complicated but ingenious. 
The apparatus included a rotating prism, which supported the 
plates, the rotation being efTected electrically by pressing a 
batton at the ground level. The shutter was similarly 
worked. But it was found impossible in this way to obtain 
a photograph of any particular spot, and naturally enough 
tbere was generally found to be some part of the mechanism 
which obstinately refused to work. Triboulet therefore proposed 
to mount a basket of wickerwork beneath the balloon on gimbals, 
and to arrange seven cameras so that their shutters could be 
simultaneously worked from below by the electrical method. 
Six of these cameras were pointed through openings in the 
sides of the basket, and one was directed downwards through 
a hole in the floor. In this way it was supposed that a fairly 
complete panorama would be able to be made, and contrivances 
of this kind have since been often suggested for military pnr- 
poses. In the eighties, balloon photography was solely employed 
for military purposes in England and Germany; and in this 
connection, the names of Elsdale and Templer may be 
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mentioned, as well as thoae ot Tflchudi, Hagen, and Sigafeld. Li 
Au8tria» the first attempts at Photographie work were made bj 
Viktor Silberer, who interested himself in this as in eveiy oHur 
aspect ot ballooning. Ue nsually made hia expoeore dinQ% 
af ter the start and while the balloon was still rising. Döring 
this time the horizontal motion is osnally small, and the vertittt 
movement does not largely a£Eeet the sharpness of ihe negstm. 
Cousequently it is an adrantage to take the photograph daring 
the time of ascent, assuming that the eonditions are othervue 
favourable. 

An amusing tale is told as to a dispute between Silberer and 
Uie mau who bad provided bim with bis Photographie apparatos. 

The latter . deekred that 
he was entitled to deseribe 
himself as having assisted 
in taking the photographs, 
thoogh in point of &et he 
bad never been in a bal- 
loon in bis life. He 
acccfrdingly printed some 
• of the negatives, and 

rm. IM.- T,iU.ulet>|.anonimicainmratU8. ^^^^ ^^^^^ ^ ^^ ^^^ 

<K...,n"I..rholo.n.,l n Hallun.- l,y Tissandicr. ^y^^^ ^^ ^^ j^^j^^ gy^ 

herer to iiiake the exposures. In fact be stated tbat it was an 
act of courtesy on his part to allow Silberer's name to appear 
on thü plioto^raphs at all. He naturally found experts, both 
legal and technical, to belp bim in a court of law, and they 
endeavoured to persuade tbe jury tbat the pbotographer was 
perfectly correct in his attitude. Silberer pointed out that it was 
unreasonable to allow one man to undertake a polar expedi- 
tion at liis own cost and make all tbe exposures, while another 
man quietly developed them at bome and claimed all tbe credit 
The jury eventually agreed that this view was sound, and Sil- 
l)er(?r, who had been accused of slandering bis Opponent» by 
calling hhn a common thief and a downright swindler, was 
acquitted. 
Balloon photography has received mucb assistance from the 
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3ilem improvements in the art of constructing lenses, which 
now made of great focal leogtbs. In 1885 Tissaiidier and 
)uconi employed one Imving a focal length of 22 in., and this 
[probablj represents the furthest limit likely ta be reached hy 
I llie amateur. 

Cailleiet has devised an arrangement for registering the 
|li€]ghts reached lu a balloon which does not carry observers* A 
featnem is carried which haB two lenses, both of which project 



FiG* 182*— The firsi pbofcoyt^ph taken from a bailooii in Aiistna. It repreaeats 
tb« ßf^ichabrückc in Vienoß, and wa^ taken hy Viktor Silberar in iBSh. 

tbeir images on the same plate. One of these lenses is focuseed 
tm an aneroid barometer, and the other takes the view of the 
landecape in the usual way- By means of a piece of cloekwork 
esposnre^ are made at eertain intervalä, iiod fresh films are 
automatically rolled into posilionp The tilm theretore reeords 
the reading of the harometer as well a^ the view of the landseape, 
Cailletet had a method of check ing the readingö of the barometer 
by coniparing the known distances hetween two places, aa 
measured on the orduance map, with their apparent digtance 
ae meaaured on the photngraph. The focal length ol the Jens 

A. IT 
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crtricjiUy, and the results were successful in showing tbe 
ails of all the forts over a radius of 4 miles. However, it is 
Libtful whelher the result of furtlier cxi)ennient8 on these lines 
s been altogether enepuraging, from the military point of view. 
LOtögraphs which are taken more or less at random from captive 
Uoons carrymg no passengers are liable to more than the 
erage number of accidents, and these are ah*eady sußiciently 
LmeroaSy even in the case of manned balloons. The handling 

a Camera in the confmed spaee of a balloon i» a very awkward 
atter, requiring much praetice. The main difficiilty lies in 
e violent movements of the hasket. It is truo that photo- 
aphs can be taken of a bullet as it is iired at a target, and 
is only requires an exposm*e of one hundred-thousandth of a 
cond. Bat during that time the eamera must be held porfectly 
ill, and this is not always as easy as it sounds on a balloon. 
^8 may coneider the efTeet of the various movements of thi^ 
isket on the photographer. These may be of four kinds, viz., 
.) horizontal ; (2) vertical ; (3) rotatory ; or (4) oscillatory. 
1 the case of a captive balloon the horizontal motion is very 
ight, and may be almost neglected ; bat this is by no means 
le case with a free balloon sailing along in a strong wind. 
lOoking at the problem generally, let us suppose a line to be 
rawn from the eamera to the objeet it is desired to pliotograph. 
hen the motion of the balloon may take place in the direction 
f this line, either towards or away from the objeet ; or it may 
e inclined obliqnely to this line, the motion being eitlier back- 
rardsor forwards ; or finally it may be at right angles to this line, 
itber to the right or to the left. Let us consider thti last case. 
s the Camera then suffers the greatesL displacement with regani 
3 the objeet. 

Let US sup]X)se that it is intended to take a pliotograph of an 
bject at a distance of G miles with a Ions whose focal lengtli 
s 3 ft. The objeet will therefore appear on ihe plate reductid 
n a scale of 1 to 1(),5Ü0, and the movement of the balloon, in 
ü far as it is directeil along tlu; o[)tical axis, /.r,, along the line 
oiniug the lens to the middhi of the objeet, will pro«luce no 
loticeable effect on the sharpness of the image. But consider a 
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\mnt in the Iandscai>e, included in the "object," whieh is att 
distance from the camera of 6 miles and also at a distance of 
lialf a mile from the optical axis. The image of this point will 
)>e at a distance of 3 in. from the centre line of the plate. ü 
the balloon is moving at the rate of SO ft. per seoond» in a 
direction at right angles to the optical axis, and if the lengA 
of exposure is one-hundredth of a second, then the balloon iriD 
niove in this time over a distance of 0*3 ft. The image of tbe 
point under consideration will then be displaced on the plate bj 
an amount equal to 0*00034 in. Generally 8|)eaking, it is fair 
to assume that a displacement of 0*004 of an inch does not affect 
the sharpness of an image, and in the given case the displac^ 
moAit is obviously insußlcient to produce any effect whatever on 
the picture. Of course, it is immaterial whether the objecl 
moves or whother the balloon moves, so long as the movement 
is insufticient to produce a noticeable displacement on the plate. 
If the State of the light is known, or, in other words, the length 
of exposure is iixod, it is possible by simple calculations of this 
kind to lind the iiiost siiitaMe height or distance from which to 
|)holo;:n4>li a f^'iven ohject. 

I>r. Stolze lijis «^'iven a table by which the length of maxiinum 
exposure can be seen at a glanee, provided the speed with which 
iin objecrt moves is known, and also the distance of the said 
nbject from the lens. The tal)le is drawn up on the assumption 
lliat tlie want of definition is not to exceed a displacement of 
()()04 of an inch on tbe i)late. 
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The verlical niovenients of a free balloon need hardly be 
consiilt-red, see-in«^ that tbe i>boto;,'rapber does not begin to 
niake exnosures, as a fj;eneral rule, imtil a position of equilibrium 
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is reached at the desired height. But it is very mach the reverse 
with captive balloons. 

Botatory movements usually only happen with a free balloon 
at the Start ; at a later stage they are of such rare occurrence 
that they may be almost neglected. Here again the case with 
kite» and captive balloons is very different. Let us suppose 
that thsre is a comparatively slight rotatory movement, amount- 
ing to an angular displacement of 5 degrees 48 minutes a second. 
The tangent of this angle is 0*1, and if the distance of the object 
18 10 miles, the optical axis will be displaced through one mile 
in one second at the point where it meets the object. If the 
exposure lasts one-hundredth of a second, the optical axis will 
be displaced in this time through more than 50 ft., with the 
result that the negative will be hopelessly blurred. It is there- 
fore necessary to find the extreme limit of rotatory motion whieh 
will allow of a sharp image, and this will probably be an angle 
whose tangent is about O'OOl. The only way in whieh this 
angle can practically be found is to note carefully the rotations 
of the basket, and to make the exposure at the moment when 
the rotation in one direction has ceased and is about to give 
way to one in the opposite direction. At this moment the 
basket is at rest, in so far as rotation is concerned, and the 
exposure must be made forthwith. If the conditions are very 
carefully examined, it may possibly be found that a fiftieth part 
of the duration of a rotatory movement is available for a sharp 
image. Suppose the time of such a complete period of rotation 
is 10 seconds, there would, on this supposition, be only one fifth 
of a second in whieh to make the exposure, and it is hardly 
necessary to say that the taking of photographs under these 
conditions is a matter requiring much experierice. 

Horizontal movements of the balloon exert less effect upon the 
sharpness of the image, the greater the distance of the object 
from the lens ; with rotatory movements the reverse is the case, 
and the nearer the object, the sharper will be the image. Oscil- 
latory Swings, like those of a pendulum, niostly occur at the 
Start, particularly if the envelope is not vertically above tlie 
basket ; but they disappear very soon. In the kite-balloon they 




Let US ßupposa tbat a complete oBcillation exlends over an angle 
of fcwo degreee, and Lhat the iime of expOBure is to Le 0Dfi-t6BiIi 
of a Becond. Then the basket in thig tiiDe will oscUlate tbrougb 
an angle of three miiiutes, and this will cause an entire blurriDg 
of the image if the object is at a dist&nca of 5 or 6 miles. 
Oäcillations of tbis kind are always larger in the case of small 
balloons, and it is not possible to neutralise their effect bj 
decreasing the time of esposuire, Dr, Stoke has made use of the 
prineipis of the gyroscope in tbie connection. He arrangas tiwo 
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discs on axes at right angles to one another, and these are capable 
of being rotated by means of strings. The discs are joined by 
means of a ball and socket Joint to the camera, which hangs 
below them, and in this way the combination is practically 
uninfluenced by the oscillation of the balloon. Spherical 
captive balloons are now more or less out of date, and these 
gyrostatie complications may very well keep them Company. 
Ik is therefore evident that many factors enter into the calcu- 
of the length of exposure and that the right momenl 
► be carefuUy chosen. The speed of the balloon is a most 
it factor, but as every photographer knows, the actinic 
of the light is more important. Some compromise is 
ore often necessary. But in so far as the value of the 
i iB concerned, the balloonist has certain advantages, and hi^ 
res are generally much shorter than those which are neces- 
[Itty al the ground level. Let us suppose that with a given 
R^erinre and a fairly good light, an exposure of one-eightieth of 
-^i seeond is needed, and in bright sunlight one-hundredth of a 
neond ; then it is generally found that these cau be reduced hy 
•boat one-half if the exposure is made from a balloon, and that 
De hundred-and-fiftieth of a seeond will generally be ample. 
The peculiarities of the light at great heights can be illus- 
tmted by a simple experiment, due to Mietlie. Take a piece 
of white paper, and hold it over the edge of the basket in a 
vertical position on the side where it is not exposeJ to the direct 
light of the Bun. Then look directly over the upper edge of the 
paper at the earth beneath, and it will at once appear as if the 
piece of white paper were the darkest object in the field of sight. 
The course of the rays through the air before they reach the 
balloonist's camera is very complicated. The ordinary photo- 
grapher generally confines his attention to those objects which 
directly reflect the light from the sun or sky, and such rays pass 
through a fairly homogeneous atmosphere direct to the camera. 
But with the balloonist things are very different. The rays of 
the sun first penetrate through the dense atmosphere tili they 
reach the illuminated object; thence they pass back again 
through the atmosphere tili they strike the lens at a much 
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higher level, and are refracted and to some oxtent absorbed 
on the way. It is fair to suppose tfaat the movement of the 
breezes at different levels produces very little effect on the path 
of the rays, because such movements are extremely small daring 
the moment of exi)08ure. The main effect ia due to refraction» 
and this depends on differences of temperature and atmoepherie 
pressure. If the density of the atmospbere were every where the 
same, the refractive iudex would l>e constant, and no distortion 
of the image would arise ; bat obviously enough, this is not the 
case. If the rays bave to pass through a number of atmo- 
spberic layers, none of which are homogeneous, the refractive 
effect is likely to be greiit. It is well known that iu the height 
of suninier the uir near the ground is in a State of motion owing 
to the great heat, and the middle of the day is therefore avoideil 
for Photographie purposes. Sigsfeld i)ointed out that if such 
air currents existed near tbe lens, they produced very harmful 
effects ; if, on the other band, they were near the object to be 
pliotographed, tliey were quite harmless. In that case, the 
l)alloon has a decided advantage, because the air iL the neigh- 
boiirhood of lln' Ions is ahvays cool, when compared with that 
wliioh is foiiiul cli'se to the ground. The effecls of absorption 
are of course uiulesirable. Tbe air contains nuillitudes of solid 
IJartielos, wliit-li not oiily reflect but also absorb light. These 
l>artieles niay be so nunierous ns to amount to a niist or fog, and 
exist for tlie most i)art in tbe lavers of the atuiosphere close to 
the ground. In photographing an object on the ground level, 
the rays bave to pass through a layer of these particles which is 
equal in thickness to the distance of the object from the lens; 
such a layer is nieasured in a horizontal direction. But with a 
balloon the layer has to be nieasured in a move or less vertical 
direction, and as it is at the niost only a few hundred feet deep, 
the balloonist is niore favourably jilaced for photographing dis- 
taut objects. 13ut in the neigh bourhood of large towns, the 
alinospherie conditions are generally bad. Xearly every day 
thert? is a ihick niist over Berlin, and the balloon does not rise 
alK)ve it tili it has reached an altitiide of nearly l.OOO ft. The 
wind carries a niist of this kind along with it, and one often has 
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bo travel 60 miles from Berlin before the last trace has dis- 
appeared. An instance of the way in which the path of the 
rays is affected is given by the results of the observations on the 
total eclipse of 1905. Professor Berson and a number of other 
observers stated that the sun's Corona looked much smaller when 
seen from the balloon than when seen from the earth ; and, con- 
sequently, Jannsen and other French astronomers are inclined 
to attach considerable importance to observations of such 
phenomena from balloons. 

The same care must be taken to study the varialionu of the 
quality of the light when the photographs are made from a 
balloon as is the case with everyday photography. The 
actinic value of the light is a very variable quantity ; it 
depends on the season of the year, on the time of day, and 
a multitude of other circumotances. It is greatest in mid- 
Bummer, and sixteen times as great in June as in December. 
Moreover, the light in the morning is boLter than in the after- 
noon. A thin layer of cloud will absorb 40 per cent. of the 
Bun's light, and if the sky is overcast the absorption may amount 
to 80 per cent. Direct sunlight is from eight to fourteen times 
as effective as diffused light from a blue sky, and white clouds, 
directly illuminated by the sun, add greatly to the vahie of the 
light. In the photography of mountains, the contrast between 
light and shade are apt to be rendered Iiursh owing to the clear- 
nesa of the atmosphere, and this must be taken iuto aecouut. 

Boulade has drawn up some figures which may help as a 
guide towards estimating the time of exposure, and take into 
uccount a number of variables. 



Ck>-etncieut8 for- 



Ai>erturo. 



Time of year. 



June. July, August =^ l'O 
April. May :^ 1-5 

Marc-h, September — 2-<» 
Kebruary. October = 30 
Jan uary, November = 4*0 
Dcamber = .VO 



Hoiglit of the 
äuii. 



Comiition of tlic Sky. 



Zenith — 1 
öO^» =^ 2 

65«^ E. r= 3 



blue 

slitrhtly cloiidy 
half eovered 
overcast 
lieavy clouds 



F 
3-2 



F 



I « 



k; I 4 




a monochromatic reproductiou ol a colaur ©ffect grades oiie 
colour iiito th© iiexfe by a more or lesa abrupt cliang© from light 
to dark, Nobody can say exactly how dark a certam pakh 
o Light to be in order to give effecli to tlie colour of an object, aod 
lliig depends ou ttie fact that the effect of a eolour on the ejek 
hy no tueans tbe same thtng as the ebetnical eflTect of the coloar 
on the sensitive emulsion, 

If we cousider the Bun's spectrum those colours ap]>ear to m 
to be the brightest which are neaiast tha red end of the scale. 
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Bed aud jellow aeem bright; green, blue and violet seeni much 
duller, But on a Photographie plate Ihe reverse is the case. 
The blue and violet rays have the greatest actinic effect, the 
red ones have the least* Coneequently the piiöt shows blue as 
white and red as black : at least, it bas tbia teiidencj, and the 
trans forma tion actually takes place in extreme cases» Tbus the 
cbemical effeet of the varioiis rays o£ the speetrum on the photo- 






I 



Genera, It sliüulii ued with the aimilar photograpU laktu hy Ibe 

Ughe et & projeütcfr ou Lbe utx^t page. 

graphic plate is altogether different from the physiological 
impresaioD produced on the eye. Even if the coloiiring of the 
landecape doea not ap^iear to correspond to any particular colour 
of the spectrum, but to be made up of a uumber of componentB, 
each with its owu peculiar phjsiological effect^ the Photographie 
reproduction will show a totally dilferent gradiog. The bright 
yellow will still appear darker tbau it ought to he, and the dark 
blae will produee Bomewhat of the effecfc of white, 
Thiö eflect ia exaggerated in balloon photography. The blue 
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rays are more largely absorbed by the air than the others, and 
theiefore all bright objects appear redder and conseqnently 
darkor on the plate. An effect of absorption and reflection u 
that all tlie bright colours are, as it were, displaced towards tbe 
red eiid of the spectrum and the darker colours appear blner. 
It is therefore necessary to Supplement the effect of the brighter 
liglit. which is partially deflected or absorbed by the aqaeoas 
vapour and atmospheric dust, by using yellow Alters. On the 
other band, the chemical effect of the blue rays mnst be 




I' Mi. ls7.- -riintoL'ra|»h of a villa^rr, taken at night, by iiieans of au elcctrio 
pi'njirtor, by tlio Vcj:a Company of Geiieva. 

lestrained in onler that tliey inay appear darker on the plate. 
Yellow filters can therefore he used in a good light, because the 
tinie of exposure in a halloon can generally be reduced. Probably 
the best lilters are niade hy inserting a sheet of coloured gelatine 
hetween two bheets of glass with optically true surfaces, or a 
sheet of gelatino can even be used alone. The filters should be 
used with suitable i)lates, whieh are so prepared as to have a 
tendency to emphasise the red values. For instance, plates can 
he übtaincd whieh give a hri^'hter value to yellow than to blue, 
hiit any given plate has a tendency to emphasise some particular 
colour. In any case» such plates give a better result than the 
ordinary kind. The Perxanto plates, prepared according to 
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Miethe*s meihod, give good results, and have the advantage 
that they allow of a shorter exposure than is required with 
filterB, and tbis is a great advantage in duU weather. Such 
days occur so frequently that photography is really only 
practicable on about one third of the days in the year. If it is 
necessary to choose between Alters and a good brand of 
isochromatic plates, the latter are much to be preferred. 

An interestuig application of the use of projectors in balloon 
photography has lately been made by the Vega Company, of 
Geneva. A given place is photographed from the balloon by 
daylight, and then at night a further photograph is taken by the 
light of an electric projector. The plates are then developed 
and compared. It is suggested that in this way it might be 
possible to discover the places where earthworks are being 
constructed by an enemy at night, and the method would seem 
to be capable of useful application. 



CHAPTEB XXI. 
thk photoorapiiic outfit for balloon work. 

The Camera. 

Tue niaiii iK)ints al>out a camera for balloon \rorkare simplicity 
and rigidity. It is perhaps not easy for a man who has never 
been in a balloon to understand the conditions linder which 
ex{K)8ures liave to be niade. He may be a capable amateur 
photoprraplier without having any idea of the most suitable 
apparatuH needed for an expedition of this kind. He would 
probably sagtest a Kodak, or some other form of band camera» 
with which he had already done much good workon liis hoiidays. 
Cameras of this kind are, however, altogether useless in a balloon. 
beeause the fooal len^^th of their lenses is too short. The object 
will l)e p(>sj^il)ly at a distance of some miles, and with short focal 
lenses ii is inipossil)lo to jjjet anyresult at this ränge. Generallv 
speaking, balloon pln)tognij)hs show little detail, and, of course, 
a great amouut is unnecessary. But with lenses of very short 
focal length, the size of the image is so small that it would be 
alniost imi^osöiblo to see anything. A further objection to these 
canieras lies in the general complication of their mechanism, 
which would probably cease to work altogether after it had been 
exposed for a short time to the fine sand, which is always 
floating about a balloon from the ballast sacks, and it need 
hardly be said that the idea of repairing a camera in a balloou 
is almost out of the question. 

The fact that the focal length of the lens must be at least 
8 in. makes it necessary to use an apparatus of some eon- 
siderablü size. The limited space which is available must 
also be taken into account, and this excludes the use of very 
'ong Cameras. Probably the greatest focal length of lens which 
!an be usefully employed by the amateur is about 24 in. The 
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best thing is a simple wood camera, solid in construction and 
easily handled; it must be sufficiently rigid to be able to 
withstand the inevitable jolts of a landing. It must not take up 
too much room in the car, and the best plan is to mount it on 
the side of the basket in a leather case. The lens must be 
carefully protected by a soft covering of feit, or something of 
that sort, and it is then less likely to be damaged on coming to 
the ground. Cameras with bellows are not to be recommended ; 
they are hardly strong enough, the bellows may be injured and 
cease to be light-tight, and one can never be certain that some 
jolt has not bent the framework holding the double-back slightly 
out of the perpendicular. Still one of the smaller folding 
Cameras with a lens of focal length between 8 and 12 in. may 
well be used if the struts holding the lens front are of thoroughly 
solid construction. But if a lens of focal length greater than 
12 in. is employed, the struts must be more solidly constructed 
than usual, and a better plan is to use a camera made throughout 
of wood in the most rigid possible manner. 

The use of tripods in balloons is quite out of the question. 
The best plan is to move the camera into any desired position 
by band, which can always be done. Possibly an exception 
would have to be made in the case of cameras having lenses of 
very great focal length, e.g,, over 24 in. long, or in the case of 
dirigible balloons where the Vibration of the machinery would 
make photography a difficult matter. It used to be the fashion 
to point the camera through a hole in the floor of the car in 
Order to direct the lens towards the ground beneath. But this 
is not actually necessary, and the attempt to point the lens 
vertieally downwards is likely to be unsuccessful. If the optical 
axis is more or less inclined to the vertical, it makes no great 
diflference ; it is easy enough to make allowance for anything of 
this kind later on. Besidea which, it will only be in the rarest 
cases that the balloon floats immediately over the spot which it 
is wished to photograph. Another objection is to be found in 
the fact that this arrangement is very cumbersome from the 
point of view of those who have to do with the navigating of 
the balloon ; it is not always easy to throw out ballast or let 
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down the guide-rope if a camera is on tbe floor almost benetth 
one's feei. And from the point of view of the photographer 
himeelf , the arrangement has little to commend itself ; he has 
to bend down over his camera in a very awkward position, and 
probably ends by making hia expoaure at random withoat know- 
ing exactly in what direction the lena is pointing at the moment 
If it is actually necessary that the plate ahould be horizontal at 
the moment of exposure, the best plan is to mount a level on tbe 
camera ; the Hoor of the car is very unlikely to be sofBciently 
steady, if only for the very simple reason that it contains a 





Fuj. l^i*''. - Puct^iii's |)liotojrr.i|»}iio 

I'-rn I' ■,■-!. -Ii- ■■ ll:i'i.ll»M.k lor 



Fui. IJSI». - Hagcn's uieiluxl of 
niouiitiiij^ the camera. 



constaiilly Hhiftin«; load. This i)lan has therefore been 
al):iiuloiie(l. 

Various urnin«;enients liavo been suggest^d by which the 
cuniera is niouiited on the outside of the basket, and in this 
way it is «^'enorally possible to make the exposure at a con- 
vonioiit moment. The distance at which it must be mounted 
froni the ed^a depends on tlio angle of the lens; no part of the 
basket musi come within tho lield of view. Bat this arrange- 
ment has ilu; disadvantage that it is only possible to photograph 
ibe landscapi« on tho one side of the balloon, and it may happen 
that tliis is not procisely what is wanted, either owing to the 
Position of llie sun or for some other reason. It is largely a 
matter of pr(»s and cons, and if the ideal is unattainable, one 
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mast be none the less content. The camera must in any case be 
so arranged as to be movable about horizontal and vertical axes, 
and this allows a certain reasonable latitude. 

In 1885 Jacques Ducom designed an arrangement by which a 
Camera, taking half-plates, was supported on the outside of the 
basket. It was movable about a horizontal axis, and could there- 
fore be inclined at any angle to the vertical, but no allowance 
was made for any other motion. Lieutenant von Hagen, of the 
Prussian Balloon Corps, devised a similar method by which the 
Camera was screwed to a bench, which was supported on an 
angle-iron fitted to the side of the basket. The bench wa; 
capable of being tilted about its outer edge, and there was a 
scale for reading the inclination to the vertical. It was also 
capable of motion about a vertical axis. Hagen thought it 
would be necessary to focus for each exposure, and this added 
to the complication of his apparatus. He therefore had a 
focussing screen of quarter-plate size, which was placed above 
the main carrier, and was used with the samelens. The camera 
was intended to be used with whole plates, and tlie lens was first 
placed in front of the focussing screen, its position being very 
carefully adjusted. After this had been donc it was unscrewed, 
placed in position below for the plate, and the exposure made. 
Evidently this must all be done very quickly if the balloon is 
moving fast, and it is desired to take a photograph of a given 
spot. In a captive balloon, the method would be altogether 
impracticable. 

There is a further objection to the use of cameras with 
bellows. The frame for carrying the plates is hinged to the 
bottom board, and if the camera is pointed vertically downwards 
there is a tendency for the upper end of this framework to fall 
downwards. The lower part of the plate will therefore l)e 
further from the lens thän the upper portion, and couse- 
quently the image will not be sharp over the whole of the 
plate. Hagen met this by having two scales, running the whole 
length of the camera, the one being attached to the base and the 
other connecting the frameworks of the front and back at the 
top; when the adjustment was finally made, and the clanips 




ceeded in getting some excellent reeultfi with hia a{i[^äratuSi mi 
these were exhibited in 1886. 

It lias beeil proposed to Support the catnera on gimbals ifi 
Order to make it independent of the \ibraiioii8 of the baliooB. 
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Jut this has not proved a success, and the necessary movements 
rhich are required to make an exposure always communicate a 
ertain amount of Vibration. If the apparatus is very heavy, it 
Day be suspended from the ring, but even in that case it is 
lecessary to have some fixed snpport on the edge of the basket 
it the moment of making the exposure. But cameras of this 
dze are very seldom employed, except possibly for photographing 
ihe san's Corona during an eclipse. A little contrivance, men- 
äoned by Pizzighelli in his "Handbook for Photography " of 1891, 
Diay be uflefal in judging a suitable moment for making the 
Bxposure. A vertical pointer is fixed to a board, and throws its 
shadow on a scale upon the edge of the board. The movement 
of the shadow will give some idea of the motion of the balloon. 
But it is very easy to over-estimate the value of such a device. 

It is well to know the inclination of the camera to the 
horizontal at the moment of making an exposure ; but with 
Hagen's apparatus it is only possible to find the inclination of 
the camera to the iron baseboard. This is of little use unless 
the inclination of the iron support to the horizontal is also 
known. The better plan would be to have a level fixed to the 
camera, and a scale by which the inclination of the level to the 
optica! axis could be determined. But great accuracy woukl 
hardly be possible, even if a second observer were available for 
idjasting the level at the moment of exposure. In 1890 the 
^russian Balloon Corps adopted a method by which the camera 
ras moanted at the end of a rifie in a Ihoroughly substantial 
>at rather primitive manner. On the right band side of the 
pparatiia a quadrant scale was fixed, by means of which the 
aclination to the vertical could be read by noting the position of 

plummet with regard to the scale. At the moment of making 
he exposure the cock of the rifie was depressed, and feil against 

lever which released the spring working the shutter, and at the 
ame time locked the plummet in the position in which it 
lappened to be at the moment. In this way it was possible 
o determine the inclination to the vertical with accuracy after 
he exposure had been made. 

Baron von Bassus described a similar construction in 1900, 
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wag workiiig quiie mclependenUy ot the 
[>rpß^ hü proWblj knew n^tliin^ of their methüi 
iL wo^ Hinimt^^d at the aod of a riße, anJ by in^anstil, 
«eftle iL Wfia possible to determine the ioelmaüoD 
axis to the barrel of th^ gan when tbe cainera 
ntion at any »uitable an^le> Ä small gpirk level 
1 the liarrel of iha gan, and its image is r^ilected Imi 
a niirror into the eye. As soon as it iä Eteen that the bubbl« ii 
in it» central poBStion on the leirel, tbe trigger ts puUed and tln 
fihiitti^r is re^eased. At tha moment of expoäure, the barrt»! d 
thß giin m therefare horizontal, and tbeinclination of the came« 
to the vertical can bö read off the scale, being in fact the iflcli 
nation of the camera to the barreL This conetruction bas dn 
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advaiitage of requiring only ooe network to interpret tbe resalt* 
ot the various photographs taken with oiie settingof tbecainetai 
but. on tbe otber hand, it labours ander the disadvantage thatit 
IH impossible to focQs tbe lens on any given object, as it is möra 
or Ibm a matter of cbance what may happen to be in the fiald d 
visw. Still there niay he cases in whicb it is neeessary to male 
an exposiire directed towards BOiiie particular objeet. To Bome 
extcnt this may be dono by moiiiitin^ a seeond mirror on theem! 
of the eamera at such an angle that the field of view h reflected 
into the eye ; biit it will sei dorn happen that any very caftain 
aim can be taken in this way. 

Vautier-Dufour and the astronomer Schaer of Geneva have 
designed a novel type of apparatus, intended for use with a long 
focus lens. This camera is constructed in two halves, placed one 
above the other. The lene is in the upper half, and the light, 





FUJ. JD2.— Vau üer-Dufuur Apparat «s^ pAcked in ita 
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g through th© lens, m reflected by a mirror at the back of 
apper half to anotlier mirror at the front of the lower half ; 

i theij passes from the lower miiTor to the plate at the bock of 

le lower half of 

iiiapimratus. The 
of this 
._.i IS, there* 

OTO, onl j one-third 

|[ tht> fitual knigth 

>f the h'iis. Thut^ 

tith a 1 eil soff ocal 

letigth 48 'm,t the 

Bamera would 

meastire IG in. 

irom back to Iront, and with a compact apparatus of tliiB kind, 

cme bas all the advaiitages of the higger leus, 

It 18 iieedless to say that the camera must be packed in a 

aeolid leather ease» well 

Rded on the inside, 
PLATE-HO LDEKS, 
a urder to be able 
to tfirry as much balhist 
HS possible» the weight 
i>i everything eise car- 
rie<i in the car miiat he 
rediieed lo a miniiuuni* 
ilms are therefore to 
prefened to glass 
The weight of 
iiolder carryiug 
^ ßpool for six expoBures 
tf ij Harter- plate isize is only one-eighth of that of three double* 
kicks bolding six glass plates of the sanie uhe. But iilms are not 
Jtogether ßatitifact<)ry ; they vary a great deal, aud after beuig 
;ept for some time theh* seneitiveness falls off. The manu- 
llctiirera do their best to prevent disappointment^by printhag 





Fig. iy;i — VaiUiei-Diifoui appanitus, iviidy 
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Flu. iy4.— Aiguille Vertc, taken with Ihe 
Vautier-Dufour Apparatus by the Vega 
Coiiipftiiy, of ticiK'Va. 



the date before which the films shoold be ezposed. Bot Um 
does not altogether meet the case. Films are liable to be injnral^ 
bv damp and heat Great as are their afivantagee bb rqgulii 
weight the photographer will do well to ose glaas platee iiutat 
unless of coorse the photographs aie to be naed for milituy 
purpoeea and intended to be eent by carrier pigeons. Fiat fihtt 
can only be recommended in the smaUer sizes in spita of tlieir 
many good points. The only thing therefore ia to ose ijbm 

plates if good resoltB in 
to be prodaced. If t 
large nomber of expo> 
Bures are to be made,a 
saving in weight may 
resnlt from the ose of t 
magazine camera hold- 
ing several plates. With 
Cameras of the newest 
type it is possible to 
make about twelve ex- 
IKisures in half a minute, 
and from tbis it isevideut 
that the changing of the 
plates is simply and 
quickly done. But their 
use can hardly be recom- 
mended, even if a type 
of magazine is used in 
which the changing of 
the plates is effeeted by bimply tuming them over in snccession, 
and so preventing one plat^ from rubbing against the next. There 
is indeed a serious objection to their use» which Ues in the bct 
that tlie changing of plates causes a great dealof dust tosettleon 
the sensitive siirface of the gelatine, and produces a partial bluning 
of the iniage. There is no means of removing this dust before 
niaking the exposiire. Further, the plates are very liable to be 
brcjken by being dashed against one another if the landing should 
be accompanied by any violent bumping. So that we finally come 
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to the concKisiou tbat uothiug is better tban the old double*back. 
» Tlie flexible shuüers, used in somö double-backs are not to be 
reconimended for balloon work ; the lineu backuig is very liabla 
to coiitain du st, which cannot easily be removed, aiid as the 
shutter is unrolled the diist may settle on the sensiti%^e siirface, 
The best plan is to use double-backa ^itJi vulcaiiite Bhiitters. 
They are easily cleaned, aiid if they are rubbed with a piece of 
washleather they be- 
oome charged with elec- 
tricitj, aud remove any 
dust that may be on the 
surface of the pb^te when 
they are pulled oiit. 
Änother advantage Uea 
iu the fact that they can 
be pttlled entirely out o£ 
the double-back, If a 
gpring closes tbe siit in 
the double - back, the 
Itght iß completely e:^- 
eluded. 

Beginn er s are apt to 
pay in SU flic ie n t at te n - 
tioii to thö dust which 
cöllects on the plate and 
leüs, and interferes with 
the sharpueBB of the 
image» It may become 

ä serioua matter in a balloon ; fine particles of sand from the 
ballast sacks tioat all over the basket, and have a habit of 
penetrating everywbere, eveti tiirougb the tightest joints. 

Plates, 

Usually everyane settles for himself the plates to be used, and 
has bis own likes and dislikes. NqveUiea seldom und favonr; 
they are regarded at firet larith snspicion, and only after inany 
triats do they ceaae to be noveltiesp and become trusted friends. 




Viti. lti.>,— Aigiiillü V'crte, takeü with an 
urdiuary leüs bj Hiü Vcga CotfH>any, of 
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Bat in balloon work, certain plates most be used if good resoUB 
are to \ye obtained, thongh doubÜesB there is a certain latitnde 
allowable. 

Films are light and convenient, but the reasons for prefening 
(;luK8 plaies have already been explained. Films are sddom 
qiiite Hat, aud it is therefore impossible to get a perfectly sharp 
negative in consequence. The bigger the film the more xmeven 
itrt surface is likely to l)e ; even the most modern dexäces do not 
entirely remcMly the defect. For the snialler sizes of negative 
iip to (|uarter-plate size, Hat fihns in special carriers may be 
ustMl. They are packeil in black paj^r, and are placed in a 
^jR-cial carriiT anainst a glass plate, the pai>er bein«; then pulled 




Kh; r.M*,. l'ilin holiU-r. 

nif. Atlt:- ilu- fxpnsinv has been made a sbutter is pulled out, 
jiinl ilu- lilni is >ln)i forward under ihe aclion of a spring iuto 
a .-inr;i;:t' spaee. wbere ihey renuiin tili they are lo be develoi)eil. 
'Ilu- ^lura;:<• ^pacü is sufticient for thirty Ulms. The wliole 
aj»i»araiu> is vtiy li<^ht and convenient. But in the larger sizes, 
ii is imt |M»^^il•K' xo jj;et a perfectly tlat surface, and plates must 

lluTifnlT If UM'd. 

l'\»r ibf pn viniion of balation, plates have ared coatingonthe 
1 ac-k (»f tbe iiini. The effect due to balation is the result of reflec- 
tit)n fn>in tlie •:la^s. andis verymarked in negatives showingstrong 
iM^ntrasis : but it stldom oeeurs in balloon work. The plate- 
boldeih nnisi be well dusted before the plates are put in them, 
and ihe platt s tbeniselves must also be carefully dusted, other- 
\vi.ve poor nepitives niay result. öometimes ** solarisation " takes 
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place, i.e., the negative becomes a positive, and all sense of contrast 
is lost. 

Thb Shuttek. 

A good shutter should comply with the foUowing conditions. 
It should be perfectly certain in its action, under all circum- 
stances, even after long use. It should be capable of giving 
exposures of different lengths, and it should distribute the light 
eqnally over all portions of the plate. The most rudimentary 
form of shutter is the well known leather cap, padded with velvet, 
which fits over the lens. But it is only suitable for time 
exposures, and consequently of little use in a balloon. Shutters 
which work automatically are the only ones worth consideration. 
They can either be placed in front of the lens, or between the lens 
and the plate, and a great variety of both kinds can be had. The 
eimplest kind consists of an up and down motion of something of 
the nature of a Aap, usually controlled by the pressing of a rubber 
bulb. Some sort of framework is necessary for holding it in 
front of the lens, but it may be said at once that this type is 
nnsui table for a balloon. 

The Iris shutters, by Voigtländer and Zeiss, are better ; the 
blades composing the shutter are quickly opened and closed by 
pneumatic pressure. But here again it is necessary to say that 
this is unsuitable ; nothing of the nature of a rubber tube can be 
nsed in a balloon, unless the photographer is prepared to go 
through endless trouble. The tube is easily cauglit in one of the 
many ropes of the balloon, and a sudden turn or wrench pulls it 
oflf ; minor troubles arise when the camera happens to be standing 
on the tube, thus preventing the passage of the compressed air, or 
it may happen that somebody accidentally fires it off by touching 
the rubber bulb unintentionally. In any case, one band is needed 
for pressing the bulb, and in a balloon both hands are necessarily 
occupied in holding the camera. Miethe's experience also tends 
to prove that these shutters work very irregularly at low tempera- 
tores, a'nd this is of course a further disadvantage from the 
balloonist's point of view. The so-called falling shutters give a 
poor efficiency. 
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The only one that can be recommended is the curtain shülter, 
tlie best known of which is probably the Thomton-Piekard. A 
long blind is mounted on roUers and has an adjostable slit in tbe 
middle» the rollers being plaoed both at the top and bottom. 
Before the exposure» the greater part of the blind together wiUi the 
slit ifi wound round the top roller, the remainder being tigbttjr 
stretehed by the action of the bottom roller and eoveringtheleos. 
A small lever is then pressed with the finger, and this releases t 
catch, allowing a sping to come into action and roll the blind 
quickly on the bottom roller. The slit therefore passes ia front 
of the lens, and at the end of the Operation the blind agam 
forms a light-tight covering. As the slit passes the lens Üie 
plate is exi)osed to the light, and each part receives its image in 
Buccession. This arrangement works well, unless it shonld 
hnppen thut Kome object in the field of view is in very rapid 
niotion, in \vhich case there woald be some distortion of the image. 
But the time of exfiosure is very short, and it is only in very rare 
cases that it is necessary to take the motion of any object into 
account, und tliis never happens in balloon werk. Tiiia shatter 
lias an advantap' whieh results from tbe successive exposuresof 
the (litVurent paris of the plate. Suppose the camera to be 
sli«;hlly shakeii iliuing the exposure, it will be found that 
portions of tlu» iiiia^e are quite sharp while others show \-ariou8 
sta<^i*s of distortion. This results from the fact that the shake, 
such as it is, does not spread itself over the whole time of exposare. 
l)iiring souie fraction of the time the camera is really at rest^and 
the image at such a momeut will be sharp ; it is during theactual 
time of shaking tliat the corresponding portion of the image will 
appear in tlio ne«;ative to be blurred. The manipulation of a 
camera provided with this shutter is very convenient, seeing 
that it can be worked by pressing a Single finger. 

An accidental exposure is only possible if somebody uninten- 
tionally touches the Controlling lever, but in the latest modeis 
this is prevented bv the provision of a safety catch, which can be 
lifted by a linger when it is desired to release it. A great 
advantage lies in the possibility of varying the length of the 
exi)osure by increasing or decreasing the width of the slit. The 
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sborleBt exposure is about one thousandth of a second. The 

shutter is wound up by band, and the spring does not come into 

actioii tili tbe pawl is raised from the ratcbet wheel by pressing 

the iever. The strength of the spring can be varied by winding 

it up to a greater or less extent, and a scale reading from 1 to 10 

is provided for the purpose : after use the spring should be left 

unwound in Order to prevent it from losing its strength. The 

following ad vice may be given to the beginner. Adjust the slit 

to a certain breadth, say, one inch, and trust to varying the 

strength of the spring for regulation of the length of the exposure. 

In this way a little practice will soon show what strength of spring 

is required for a given exposure in a given light. But it becomes 

a diflScult matter if both the breadth of slit and tbe strength of the 

spring are adjusted. The length of exposure can also be varied 

by suitable use of the stops. Arrangements allowing an adjust- 

ment of the slit from the outside are unnecessary in a balloon. 

A considerable experience of such contrivances tends to prove 

that they complicate the mechanism without producing aiiy 

notable improvement. 

One objection to all sbutters worked by a spring is tliat the 
latter gradually loses its power, and the times of exposure have 
a tendency to increase if no allowance is made. But one gradu- 
ally notices a thing of this kind ; the slit seems to pass across 
the lens more slowly than before, and the necessary correction 
can be made. The working of the spring should be examined 
before undertaking an expedition. 

Various contrivances have been designed for determining 
exactly the length of exposure given by the shutter. The 
best and simplest consists in an apparatus, devised by Dr. 
Hesekiel, by which a band, painted white, is made to revolve 
over a black background by nieans of adjustable weights, which 
drive clockwork. This is photographed by the camera, and the 
angle through which the band has turned will be shown by a 
patch on the negative. By measuring the angular width of this 
patch it is possible to calculate the length of exposure which 
has been given. The face over which the band revolves is 
divided into one hundred parts, and if the band makes a 
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complete revolation in a seoond, eaeh diviaion wiU eorre^ond 
to 0*01 ot a aecond. In 1886 Nadar osed for this ptupoee sn 
apparatuB designed by Protessor Marey and consfcracted by 
Richard, ot Parifl, which was taken on his balloon ascente. 

The Thornton-Pickard shntter works very well, and as it is pro- 
teeted by being moanted inside the camera ia seldom likely to get 
out of Order. It also serves as a means of keeping dost oat of the 
camera, and prevents any fine particies from settling on the lens or 
plate. Moreover it keeps out the moisture, and this is of import- 
aiice, as it might otherwise condense on the surface of the lens. 

Thb Lens. 

The lens is undoubtedly the most important part of the 
camera; but tbe choice of the lens depends on many things, 
tiiuon^ which aro the size of the camera, the make of plate, the 
qiiality of the light, etc. A lens has to do work under all sorts of 
conditions, and ihcrefore it is not so easy to say exactiy which is 
tlie most 8uital>le. There are a large number of makers of repute, 
eacli of wlioni lias liis own peculiar method of manufacture. 

The lirst point to 1k* setlled is whether a tolephotographic lens 
is to In* i'iiii)lc)vt'(l, or whether a simple lens with long focal 
leii<^lh is suüicit'iil. Tlu» following explanations must be given 
to clear iip tlie nuitter. 

Workinj; with a simple lens the image of distiint objects is at 
a (listance behind the lens equal to the focal length. Therefore 
the ratio of the size of the image to that of the object is the 
sanie as that of the focal length to the distance of the object If 
B is the size of the ohject, h that of the image, E the distance 

of the ohject, and / is the focal length, then b= J - There- 

fore if the distance is 100 times the focal length, the size of the 
ohject will be 100 times that of the image. In order to get 
large images of distant objects, it is therefore necessary to use a 
lens of great focal length. It is often suggested that it would be 
sufficient to take a small negative, and enlarge it in the usual 
way. But this is only possihle within certain limits. Probably 
an enlargement which is five times the size of the negative is 
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the mosfc that can be done. The grain of the plate becomes 
enlarged in the process, and obscures all the detail, if it is 
carried bejond a certain limit; and it is impossible in this 
^ay to conjure up any detail that does not exist in the original. 

There is another method by which a magnified image can be 
obtained. A lens is used which produces a small image, and 
this is enlarged by allowing the rays to pass through a second 
lens, and then to fall on the sensitive surface. This is called a 
telephotographic method, the whole being actually a sort of 
Photographie telescope. The first lenses of this kind were 
made by Dallmeyer of London, and independently by Stein- 
heil of Man ich and 
Professor Miethe of 
Berlin. They allo w a 
considerable amount 
of latitude bj'' using 
diflferent focal 
lengths ; the only 
necessary matter is 
that the distance 
between tlie lenses 
should not differ 
from the sum of their focal lengths by an amount equal to the 
focal length of the back lens. 

The advantage of this arrangement is evident. The length of 
the camera can be considerably shortened, whereas with simple 
lenses of great focal length the camera must be of a correspond- 
ing size. It has been already stated that a focal length of 24 in. 
is the most that is possible for an amateur. 

It may now be well to consider why telephotographic lenses 
are not employed under all circumstances. The reason is that 
the image is not so sharp, and ihe intensity of the liglit which 
falls on the plate is reduced. If two lenses, each of a focal 
length of 8 in., are placed one behind the other, and the second 
lens magnifies the image five times, then the image is as large as 
if it were given by a lens of 40 inches focal length, but its bright- 
ness is twenty-five times less. Therefore these combinations can 




Fig. 197. — Diaji^ram showing the relation between 
the focal length of the lens the size of the image. 
and the distance of the object. 
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mfy im wmA m noderately clBar weather ; in diül weaüier tbe; 
kmt bdoiQiie under such coaditioue and wüh sueb 
instttatoiieous pbotography woiild be impoatsible« 
Majot Hüudaiille k&s stated th&i in bis opittion U^lephoiogr^hk 
I of OQ ose üi II baüoon, bat Baroa von Baasus is iioi 
of Ibii opiniotu tbiukiDg that Uiey niaj do much 
ttäelnl «urk for miliUiy pnrposea, There is a good deal ki be 
«ud Icir Ihk laUt-r iriewi but, as tbiug? at prasenl stand, tbe 




amaU'tir wttl probablj save himself Bome disappoLntment if be 

Wt* njtij^i now eonsider tlie conditions nttaching to the seleetioii 
of ii suiiablo siii^lo leiis. The French Minister of War drew up 
a spivitiiMtii>n for lensos in 1900, wben a coinpetition was 
or^aniseil iov iho piirpose of selecting the best, The condi- 
tions which weiv laid down still hold good, though for other 
than niiliiaiv purposes the n^quirements need not be so high. 
The sivcilioation ciilled for a lens which was to be able at a dis- 
tanco of o niiles in any light ^always excepting fog) to give a 
picturo of a battery, in which all the details, including horses, 
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inen, wagons, giins, etc., should be distinguishable with the 

naked eye without the use of a magnifying glass. The lens 

therefore must have a focal length between 24 and 40 in. At a 

distance of 5 miles a man of average height appears on the 

Image thrown by a lens of focal length 24 in. to be about 

O*O05 in. high and 0"0016 in. broad, and consequently he could 

just be distinguished with the naked eye. The maximum lenglh 

of the camera was to be 40 in. The sharpness of the negative 

was to be snch that one man could be distinguished from his 

neighbour when standing at a distance of a couple of feet from 

lliiii.^ The lens was further to be capable of being used with an 

apertare of F/10 ; with a focal length of 24 in. this stop would 

ha^B a diameter of 2*4 in., so that with a dull winter light it 

wonld be possible to distinguish objects which were at a distance 

: Irom one another of F/10,000. This would require an aplanatic 

- eoReotion. Miethe considers that an aperture of F/20 ought to 

.be possible in a balloon, seeing that the intensity of the light in 

a balloon is much greater than on the earth, but this would 

natnrally not be the case in a very unfavourable light. At a 

«diltance of 1^ miles the lens was to be able to include the whole 

. of a battery, 825 yards long, drawn up across the field of view. 

ikMoming that there was an error of 2 per cent. in estimating 

tha distance, an angle of 10° would be required, and half-plates 

wonld have to be used. With a lens of this character work of 

ihe highest class can be done on plates of all the ordinary sizes. 

It wonld be better not to choose anything smaller than quarter- 

plate, and the most useful would probably be half-plate size. 

The prize in this competition was won by a French firm ; the 
second prize was adjudged to Voigtländer of Brunswick for a 
lens of 24 in. focal length with an aperture F/9 ; and the third 
to Zeiss of Jena for a lens of the same focal length, having an 
aperture F/8. Miethe considers that a number of other lenses 
would probably satisfy the conditions. Thus Goerz's anastig- 
matic lenses, SteinheiPs antiplanat or aplanat, Zeiss's protar, 

* For the resolts of the competition of long focus lenses for purposes of military 
ballooning, see the Rente du G6me MilitalrCy April, 1902, and the Illustrierte 
JertnumtUche Mitteilungen, 1902, vol. IV. 
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Voigtlander^scollinara, etc., are all good and can be recomineiided 
.as being of eqdal quality, vhile of English makera ihe jumies d 
Boss, Taj'lor, Beck, Dallmeyer and many others might be men- 
tioned. The weight of the lens is probably a matter of minor 
importance as compared with its optical properties. Major 
Houdaille fixes the maiimnm weight at 6^ Ibs. ; some of the 
competing lenses weighed 16| Ibs. But it is doubtful whethff 
iinything is gained if the reduced weight sacrifices any of the 

optical properties of the kos. 
It is certainly a little difficult 
to manipulate ä camera with 
a very lieavy lens at the front, 
and the best plan is to fasten 
a strap to the case, passing 
it ronnd the body so as to 
take off some of the dead- 
weight. 

The lens must be veiy 
carefully handled, and experi- 
euce seems to show that a 
few words on this subject will 
not be out of place. A verr 
imix)rtant \mut is to clean 
the lens by means of a soft 
camers hair brush from any 
i„;. LN)i. -raj.tain siK-Lvrini, of Zürich. ^ust that may have settled on 

it ; th(» need for tliis is fairly obvious, and the reasons have been 
alrtijidy nientioiu'd. It is necessary to pay special attention to 
aiiy allcrations in the level of the balloon. As soon as it passes 
from a C(»M atinospliere into a warm, damp one, the surfaceof 
tlie lens will be coverod wilh a thhi film of moistm-e, and a 
lilurred exi)()sure would result. It is doubtful whether this matter 
always r(»eeives sutlicient attention. Often enough the sky is 
perfectly clear, and yet failures are the only result. The cause 
is (juite likely to be found in the fact that the lens has not been 
properly cleaned. In a balloon, moisture is very frequently 
depoöited on the lens. The camera has perhaps been put away 
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in a comer of the basket, where it is well protected from the rays 
of tlie sun, and it has about the same temperature as the Surround- 
ing atmosphere, which is generally far lower than that of the 
earth. A film of moisture has therefore probably coated the lens. 
It is possible to use a sliding tube of highly-polished metal to 
protect the lens from the sun's rays ; and if the sun is low down 
it might prevent its direct light from shining on the lens. The 
inner surface of such a tube must of course be coated with a matt 
block paint, in order to prevent any irregulär reflection. 

The Development of the Plates. 

Every photographer knows that he can do much to save a 
plate which has not been properly exposed by suitably carrying 
out the developing process. The developer cau be strengthened 
or diluted ; potassium bromide or caustic soda can be added, or 
a develoixjT can be used which has already served for another 
plate. It would seem that balloon photography would derive 
mucli assisiance from such methods, but this is unfortunately 
Dot the case. Development is a i)eculiar art. Everybody has 
his own special ideas and his well-tried mixtures, and he will 
hear of no others. In 1904 Miethe recommended the plan by 
which the plates w^ere left to soak in a dilute Solution for some 
time, as, for instance, in'a Solution of rodinal, containhig one 
part in 250 parts of water. After an liour they may be taken 
out and carefuUy examined. when all the details will be seeii 
very faintly. If the contrasts do not appear to be sufliciently 
vigorous they can be placed in another soluti(m, containing one 
part in twenty, which has been prepared l)eforehand for the 
purpose. The whole Operation takes two or three hours, if they 
bave been properly exposed, whereas if the exposure has been 
too short, there may only be a sufficiency of detail at the end of 
five hours. The plates can be intensitied or reduced as occasion 
requires. 

In the light of experience, a totally different procedure must 
be recommended for balloon exposures, offering a better prospec-t 
of success. Professor Miethe has also changed his views as the 
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result of some ascents he has made. In so far as the choice of 
a developer is concemed, rodinal can be recommended as being 
the simplest and the best. On the whole the best resnlts seein 
to be obtained wiih it. Other developers have been trled, partly 
on general grounds and partly because rodinal canses with seine 
people a soreness of the skin, which is unpleasant. Bnt the 
change of developer has brought no improvement in the resalts. 
With rodinal it is quite easy to ose rubber stalls, which proteet 
the fingers from any unpleasant consequences. The whole 
manipulation is so simple that it reqoires little experience, and 
can l)e easily done even by the veriest tyro. 

A Solution of rodinal is prepared, containing one part in five 
parts of water. The plate is soaked tili it is nearly opaqoe to 
transmitted light, and black when looked at by reflectedU^^ 
This usually takes place in five minutes at the outflide. ' Itäll 
sounds rather primitive, but it is undoubtedly the most i 
plan. Everyone wlio has made a nomber of balloon 
knows that if a Solution of moderate strength is used^oi j 
often looks quite unaiTeeted for some time, and ihen 
the whole thin<^ tseems to hecome fogged, and nothing fnztltf^ 
can be done with it. This is due to the bluislmess of ihe i 
spliere, whieh lias niore er less fogged the whole plate. It iit 
not casy to teil with great exactness what is the state of ihe 
atniosphere, and on developing there is little oppoirtonity to 
counteract it. The best plan is, thereforo, to put the plate in 
a stron«:^ Solution and to get out as much detail as possible in 
the shortest i)ossible time. Many who have tried this plan have 
found it successful, and none appear to fail, so that the correct- 
ness of the procedure, simple as it is, may be said to be proved. 
Otber developers also give good results occasionally, but rodinal 
is much the most certain in its action. Its simplicity gives it an 
added cliarm. 




km to aecustom one's seif to tbe bircr»-8ye poiiit of view. The 
mterpretation of an ordnance map requires some experienc©, 
and in exacLly tbe same way \vith overhead photography it ia 
Decesmirv to learn to recogniee tbe lie of tlie land. U ib very 
difiicult, and, indeed» almost impoBsible, for a balloon photograph 
to sbow tbe unevenuesB of tbe landscape ; pariicularty in this 
tbe caee ^*ben tbe balloon la at a great beigbt, and tbe camera 
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the boitotn to the top, Tbls may l^e due to an effect of perspec- 
tive, or to the peculiarities ot liglUingi The appearance of 
vjllagefi is curious ; the houses look as though thej bat] 
dropped out of a child*3 toy-box, The diflferenee between IrjLjlit 
and öbade is Dot very marked at great hei^hts. The photograph 
of a place calied Herren berg, wliich is here reproduced, bIiows 
tbis very clearly, It was takeu from a very moderate hei^ütf 
and it will be noticed that the shadowB in the foreground sre 
well inarked, disapiiearing Bomevvhat towardä the middle aad in 
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the background. The effect is still more marked at great dis- 
tances. The slope which appears on this photograph is well 
marked, aud is emphasised to some extent by the low position of 
the bailoon. It looks doubtful at first glance whether the whole 
town is on the side of a hill or whether the rise only begins near 
the chiirch in the background. But a very simple sketch shows 
that the rise on the side of a hill would be much more marked, 
id the fact that one house appears to project above its neigh- 
is not enough to prove the ground to be hilly. The roads 
\ very clearly visible, with their white dust and rows of trees. 
itry patbs are often very indistinct, and could easily be 
rlooked altogether. There is always something charac- 
ristic about a railway, wliich catches the eye. But a light 
ilway along the side of a road or a tram-line is not easily 




Fig. 2U4. 

id at once, even if its existence is already shown on 
the map. 

Boads are often a good indication of a cliange of level. AVlien 
a road disappears, as in the photograph of Blankeuburg, botween 
ihe points k-k, it is easy to see that it is hidden from siglit hy a 
filigbt hill. It is not so easy to see that the pari marked c is a 
eonsiderable rocky eminenee, called the llegenstein, so littie does 
it attract attention on the photograph. But the fact that it 
hides the road between /•: and k shows that it is a hill, though it 
is impossible to say how high it is. The low level of the bailoon 
is also shown by the way in which the poaks in the background 
stand out against the horizon. The irregularities in the diroc- 
tion of the roads, and in the appearance of the plonghed land, all 
tend to show that the country is hilly. In the parts round (/and 
h there are many gentle curves which fall gradually into the 
Valleys or more evel ground hing aniong the hills. Such 




I 



uneven lines as are ehown bei^een w and m would ßcarcely be 
possible on perfectlj' level countrj* An ordinary road is 
geiierally fairlj straight and turns abruptlj at a betidj i^ 
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Kcoutitrj thay liecome more Berpentine in extreme cae^s 
Hiatiy gentle ourves* These peculiarities can be traced on 
pbotograph of Eüdersdorf, and io nianv of the othetB- The 
l^f ihe tbalk-pits near Büdersdorf is particuladj interest- 
Hit a first glance the imeven natiire of the grouud is not 
Htriklng. The heights of the varionä points are shown in 
^By and the incline of 1 in 4 in tbe foreground looka almost 




el. Tbe n am her of smaü irregulär pathwaya is also an indi* 
ion o! the natiire of the ground. Thej appear in great 
mbers ou both aides of the railway siding, and would be 
arly imijosäible on Hat ground- 

Fhe distribution of light and sbade depends on the lia of tbe 
id, and conclusions can often be drawii in eonsequence as to 
Btber the oue part is higher or lower than the other Bat a 
'tain amount of caution must be e^ercised, seeing that a 
ference in the colour of ths BoiL or in the natura of the 
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Tegetatioii may cause au appearauce of sbadow. Water is geue- 
rally easily recognised ; rivers run their coiirse along well-defiDed 
curves, which are at once reeognißecl on paper, Tliey probablj 
appear to resembk roadB iti bo far as their WijJi btoeflfi k 
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icerned ; but there iö likely to be little chaocti of confusion owing 

Ito ilie different naturo of their outlinea. In the photograph of 

Küdersidorf, three bridges are to be seen, which of courae clcarly 

Imdieate a river ; besicles whieh there are the shadows of the trees, 

miiil, further along, a sttiall boat. 

In wijit**r time thiugä are rather different, The fields may be 
I whit« with 6*now, and the roads black with ölush and luud, while 
in Ibe forest the paths may be Btill covered with snow, and 
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Flu. 2U8, — VüL*ge in the Cckemiark in w inten 

glilteritig in the dark trees* If the wholo country ia covered 
with enow^ and yet jihows a number of Idaek patches, this is a 
elear indicatioti of a forest, and if the treea are not too closely 
plauted, they cau often be distinguished from one aiiother, 
Fields and country paths disappear in the snow, and it is 
only the river a and roudö that seem to be Idack. The raih 
way, which passes thron gh the n^iddle of the pholograph of the 
village in the Uckermark Btands out from the snow, aud the 
teiegraph poles can be seen at tlie side of ibe lines, The snmll 
decdivity ut the side of the Une ia shown by the dark ijatches, 



i 

j 


HK AIBÖHIPB FAST AND PRESENT, ^ 

H whem ÜiB snow baft been nnable to lodge* In the photographs 
V teketi by Spelterini» the snowp rocks, and glsciers are alwajrs 

e]<*firly to he eaen. 

It will tlierelore be Seen ibat a Utile praetiee 18 all tbat is 
H reqiiir^cl to Interpret the photogrnpbic reaults, and to find oüt 
W the princiiml features of the country, But much depends nn 

ibe natura of the llght, and thie may tend to laad ane astray. 
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Mietbe's 0} ötcm of coloiir pbotography is a further useful guide^ 
wbich can hardly leave room for any doubt, 

It has been already ötated that the üb© of yellow alters or 
isocbromalic plates lielps the Photographie representation of 
eolour to correspond morö nearly to tbe irapresaion produced oa 
the eye. In any caae» marked differences of eolour can generaiJy 
b© understood, especially if the photograph is compared with others. 
White, yellow, gieen, bkck, and the various shades of browD 
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red tinge is added by the roofs, Pliotograplia can be taken of 
differeut subslancesj such üb leaves, sancl, ßtraw, water, eartliy 
soll, etc., and if they am grou|)ed fcogether close to one ünother, 
tbe contrast of colour becotnes usefiil for referenee. But the 
^ &ogle frojn wbidi tbe objects are photograpbed makes a differ- 
Bunce, und tliis has to be taken into aceount. Spedally is tbie 
tliB c-ftse T^itli water, wbich appeam wbite in reflected light,- bat 
la^' appear absolutely blaek if loolced at directly from above, 
)rj, brown leaves will also appear wbitisb if placed in sucb a 
>6ition ihat tbey can retlect ligbt into the lens. 
Colonel Khissmann mentions the following points. Tlie 
Miati«>n *if tone over a print may be either due to the different 







takten from the aide hibteiul üf beiiig takeu from nbove. 

ocilüors of the objecto or to tlie varying illunihiation- Siipposing 
Ihö ilhimination to be uniform, the bii^ditnesö of the yariotis 
euIourB iö in the followiug order, viz., wbite, yellow, grej and 
brown, red, green. Bright, polished eurfaees oftan rellect so 
mucb ligbt as to appear white, quite independentty of what their 
actual colonr may liappeti to be. The greater the diatance of 
the abject the less is the effect produced by its colour, and the 
greater the Impression produccd by light and shade. ThiB effect 
is also produced on the eye when it looks at a distant object« 
The atmospbere produces so stroug an impression on tbe plate 
that the distant hmdscape may be entirely blotted out, but colour 
, pbotography is Hkely to make such a marked change that in the 
■ future we may espect to get plates witb mucb greater detail tbao 
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at present. The first attempts in this direction have latelj bees 
made by Professor Miethe and Dr. Lehmann, who have mide 
Bome balloon ascents, and taken some photographs with a speenl 
form of Camera. 

The methods of colour photography may be briefly explained 
as foUows. The colours ihat appear in natoria can be analjaed , 
into red, green and blue. WiUi these three coloors every possQda 
tinfc can be produced by proper mixture. By the use of filteiBi 
it 18 also possible to separate the three colours out of any mixtnre. 
It used lo be the plan to employ each 
filier in connection with a special plate, 
which had been so prepared as to be 
specially sensitive to the colour separated 
out by the filter ; three different kinds of 
plates were needed, the one being forred, 
another for green, and the third for violei. 
AVith the three plates, exposuresare made, 
the one after the other, as quickly as 
possible. The camera has one lens and 
only one plate is used, a third of it being 
exposed hebiiul the three filters in succes- 
sit)n. The whole thing is done auto- 
iniitically by pressing a rubber ball, and 
lliis changes the ülters and the portionof 
the plate which is exposed. Colour 
photognipliy is made vury simple in a balloon by the fact 
tliat the Ihree exiK)8ures can be made simultaneously, by using 
thrt'e lenses, one beside the other, the distance of the object 
being so great that no trouble arises from parallax. If the 
three lenses are moiinted so tliat their axes are at distances of 
abüiit 3 in., and their foeal lengths are from 6J to 7 in., nodis- 
placement of the image due to parallax can be noticed if tbß 
balloon is 800 ft. ahove the ground level. 

Professor Miethe's camera tlierefore consists of a solidly 
construeted box, containhig the whole of the apparatus, the 
front of which contains the three lenses, side by side, and has 
slight projections litted to it in order to protect the lenses from 




thno-CMloiir |»lu»l»>^'ia- 
pl,y. 
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dental injiiry that might he caused by jolts or knoclcB» 
ide of the box is divided iDto three eompartments, corre- 
g to the three lenses. The plate is 3| bj 9| in,, and is 
y divided into three parte. The focal length of Um lens 
fe 6J in,^ and workg with an aper iure ot F/4'5, Three 
ars pro^^ded for the filtora, which are placed inimediatelj 
\ of the plate. The eainera has no focussing screen, 
hat it is ad ju sied once for all. A shutter of the slit type 
and at the back there are the u&ual double-baeks. The 
»f the manipulation is done from the outsidts and the 
sacks are fitted with roUin|i blinds, Isochromatic plates 
I Baed, atid they must be sufiSeieutly sensitive to red Hght 
Ml esposnre in a tenth of a secoiid. The plates are pre- 
rith etbyl red in the toUowing manner, One oance of 




||^tfl. 212.— Sliding screen carricr far threc-colour jiUotögmphy, 

i etbyl red (chinoline, chinaüne, ethyl nitrate) m dissolved 
Ifluid ouneea of alcohol, and formi» a Htock solation which 
i kept in the dark, One fluid ounce of the ötoek sohition 
h and uiixed with lÜO ounces of waten The plate is 
Ei in this mixture for two minutes and then washed in 
nrater for another 10 minutes in the dark room. It is 
led in a draught in the bot oven for about twenty minutes, 
more than twenty-five minutes. The aohuion can be used 
pge number of plates ; probably it is better to take half 
kB amounts, which ought to be sufficient for six or eight 
\ The plates should be packed front to hack, in which 
ey can be kept for montha, 

proper relative exposurea for the red^ green, and blae 
\ adjusted by means of sui table stops. The alters used 
ta allow of stopö of F/4-5, F/6 3, and P/15 for the red. 



* 
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green, and blue respecti vely. The epeed oi the ßhuttär h ! 
to suit the ijievailing Itßht, and the camerm m eiUier ^ 
mf ans of a hand-airap, or is rt^ted on the edge ol the 
The lengtb ot exposure tuüy amoimt to one-teatb of a 
and it ie theretore neeesaary to wait for a moment when tt 
no oiciltation in order fco make the eiposure. In Xortlierul 




*'i*i.— Mjeihe» cAmera ior three-cciiüiii- phoiograpbj in 

At tbe t^ ii ibovs t3itlk«il ptH wlUi tU^ ibim lennH, «nd lidcm ifticeu li 
esnier and the »butter. 

tudee, colour photographj is only poeaible in a balloon when i 
weather is reaeouably cleur. 

The development ol the negative ie done in the nsual way ii^ 
the dark room by nieans of a moderately conceutrated solütioi^ 
of rodinal, containiug oiie part m mne of water. Towards tha^ 
end of the development, the plate is exammed oii the back, and ^ 
the procesis is generally complete wben the image begins to he 
vistble tlirough the plate. A tionsparencj is then prepared, and 
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\ is treated in the usual way by Miethe's three-colour project- 
1 apparatus, or the negative may be enlarged and printed on 
i of the three-colour Photographie papers. The projection 
paratus gives far finer results than any print. 
[t may be well to mention a special Photographie method 
lieh emphasises differences of level. It is known that the 
istic eflfect is produced by looking at an object with both eyes 
ODce. If one oi' the eyes is closed, it will be seen at once 
li the sense of solidity is lost, as well as of size and distance. 
a considerable distance, the plastic efifect ceases, even if two 
BS are used, and one only judges by experience as to the actual 
(tance. Golour and the nature of the ground give some assist- 
ce; bat with large uniform surfaces one is often liable to 
ike mistakes. This is caused by the fact that the effects of 
rallax are too small. This has been artificially increased by 
ng prisms, and to a larger extent by the use of the stereo- 
pic camera, with lenses arranged several yards from one 
►ther. This undoubtedly adds to the plastic effect. The 
inary stereoscopic camera has two lenses, and gives excellent 
ilts if the distances are not too great. But for balloon work 
parallax is still too small. This can be obviated in ordinary 
tography by taking two pictures, one after the other, from 
arent points at some little distance apart. Experience shows 
b good results are obtained in this way if the distance between 
two points from which the photographs are taken is from 1 
I per cent. of the distance from the object. In photographing 
n a balloon the method must be slightly modified. It is 
t necessary to determine at what speed the balloon is moving. 
3 camera is then directed at an object, the distance of which 
ipproximately known from measurements on the map. The 
)nd exposure is made a few seconds later, the exact interval 
ending on the speed of motion. Strictly speaking, the 
per eflfect will only be obtained if the balloon is moving at 
it angles to the line drawn towards the object. But even if 
i is not the case it is still possible to get fairly good stereo- 
pic results, seeing that the distance of the object is generally 
y considerable. It is only necessary that the distance 
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tnvellcd bv tbe balloon betveen the exposares, reekoned in a 
dini^üoD ai rij:fat aiudes to the line of vision, should be ap[Mt)xi- 
nuielv 2 per eent. of ihe distance from the object. Bat even 
thi» U DOt s^^ important as miffbl be thought. 

If the l^ooc ts ni'jving very fast it is often impossible to 
makf the second expü(»ure at the right distance from the first 
Th« l«&t |4an is therefore to have two cameras, fastened to tbe 
sam« l«B«loard. Tbe plales in each are prepared and the speed 
vf thr :^!:u:;«-rä adjosted. The whole of the baIloonist*s atten- 
:;•.!: c-jih l< directed on the objeot to Le photographed, and he has 
r.'! :• fviher d)«>a: changing bis plates. If the object is at a 
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* -■ 1 ■ » '■* y »r-N. AvA the bcillix'^n i< m«»vin.c: at tlie rate of 

- •• - ■ \ ::.» ^» ." !. i t-xiM.^Tiiv iiiu-t ]k' niade heiween 

• ■ -■ :. :- .:>:• ::.. !:r-t. 

> ■ ■ • . -• . »::•.•: > rt-j-.irt-i. aii«l :ht- ohjfcis are not in 

-■ .■ •. .:. .]] ■.:.-.:•.;- lii -.•rii<-il l-y Knuhule oaiv be used. 

. '..- - : ::.r :..»:;rc --f a pri>ma:ic telescope with 

-.. ': ■ .: ■ .\. ■.:.! :- vt-ry u-'r-vt-nient. The leiises are at a 

: ..■• ..: :'^::. fr ':ii «^lu- :ii:":her. iheir fncal lonpthsbeing 

. ?.[ . . ■ - iTr iirr.ini^r^i at ihe sitK-5 to rective tbe images 

. -r - .,: i :.» rt'ritvi tiie rays to two pktes. which are 
•A .: ■ • i: i Avks i.^wariJ-» **uv anotber. The leugth of the 
: :': >" i> »xa/ily ilrlh in., and the ai)i)aratus is eusfly 



CHAPTER XXIII. 

PHOTOGRAPHY BY MEAN8 OF KITE8 AND ROCKETS. 

Apparatus has already been described, due to the designs of 
Triboulet, Cailletet and others, which necessitated a rather 
elaborate outfit, and might therefore cause difficulties in remote 
Spots. But it is just in such places, c,g., among the mountains, 
or in the polar regions, or in marshy land, that balloon photo- 
graphs might be extremely valuable. A Frenchman, named 
Batut, therefore proposed in 1880 to send up Hghtly constructed 
xsameras by means of kites. The size of the kite would obviously 
depend on the weight to be lifted, and also to some extent on the 
altitude to be reached. Batufc used an ordinary kite of the Eddy 
pattern, 8 ft. 3 in. long, 5 ft. 9 in. broad, and weighing 4 Ibs. 
The Camera, together with all the other appurtenances in the 
shape of barometer, cord, etc., also weighed about 4 Ibs. It was 
fixed to a block of wood at such an angle as to allow for an 
inclination of the kite to the horizontal of 33°. A time-fuse was 
arranged to release the shutter and to record the reading of the 
barometer. At the same time it rolled up a long strip of paper 
by means of a spring, and in this way the working of the 
apparatus was clearly seen from below. A German, named 
Wenz, had a similar method of working. 

Gradually a kind of sport was evolved for the purpose of taking 
photographs in this way, principally by scientific men. The 
American meteorologist Eddy took some excellent photographs 
of Boston in 1896. Thiele in Kussia and Scheimpflug in Aus- 
tria have also lately done good work. The former was com- 
missioned by the Russian Government to make photographs in 
Transbaikalia, Transcaucasia, and other places, and kites seemed 
to him likely to be suitable for the work, seeing that a wind was 
always blowing in these mountainous parts. In 1899 he con- 
structed an apparatus consisting of seven cameras. The largest 
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of these took plates 9} hy 9} in., and was placed in tbe middle, 
pointing vertically downwards. The other six were arranged at 
tlie comers of a regulär hexagon, pointing downwards at an 
angle of lOP to tbe horizontal. His first attempts were not verj 
Buccessful. At last he completed his arrangements, bat it was 
then found that tbe plan was not altogether suitabla He after- 
wards bailt a lighter apparatus, and worked successfullj along 
tlie coast and rivers. His first combination weighed 44 Ibs., bat 
this was reduced to 18 Ibs. in tbe later designs. The lens, whieh 
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. 1*15. — R'itur's kito for pliotographic 
iiltpurntus. 



Fi«. 2\Vk — Panoramic apparatus 
for a balloon withoutol»servers. 



was an astigmatic one by Zeiss, bad a focal lengtb of 2J in., and 
the plates were 4'} by 4^, subtending at tbe lens an angle of 88^^ ; 
tlie photograpbs therefore overlapped one anotber by 14^. At a 
lieight of 200 or 800 yards, he was able witb one exposure to 
Cover an area of 40 square miles. Tbe photographs were subse- 
quently enlarged, wliich naturally magnified any errors. For 
niilitary pnrpose.s he devised a so-called perspectometer, by 
means of wliich all dimensions and distances were to be legibly 
marked on the photograph, after being magnified ten tiines. 

Captain Scheimpflug constructed a panoramic apparatus for 
similar purposes, having lenses witb converging axes. His 
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apparatns, together with an electric device for releasing the 
shatter, and, including levels and plates, weighed 10 Ibs. He 
originally proposed to saspend the camera loosely from a box- 
kite; bat it was foand that by placing it inside the kite it 
remained far steadier and was also protected from injury on 
Coming to the ground. A Frenchman, named Denisse, has an 
original method by which he shoots rockets into the air, and in 
ihis way makes Photographie exposures. The shutter is released 
when the rocket reaches the highest point, and the camera is 
protected from injury by means of a parachute. The main 
difficulty is to focus the lens on any desired object. 
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PROBLEMS IK PBB8PBCTIVS. 

The interpretation of these bird's-eye views for topographial 
purposes is a special science. It may be called photogrammeby, 
and the main principles have been expounded by Professor 
^^__^__^_^^_^^^^^^_^^^_^__^ Finsterwalder, of Mimieh» 
l - '^ * ^"^'^^^ "^ji^Batf^ and others. Bat it wooH 

take US too far to go into 
all tbe details. 

A pbotograph is bere 
reproduced, inrhich gives 
an idea of the perspective 
eHect produced by a bal- 
loon pbotograph. A place 
called Rudow is here 
shown, and a net-work, 
such as that drawn on this 
pbotograph, is easily con- 
structed, if the altitude 
and the direction of the 
balloon are known. The 
general case cannot well 
be describedy but a few 
particulars about this in- 
dividnal pbotograph may 
he of interest. 

The exposiire was nmde at an angle of 67° 80' with a lensol 
14 iuches focal length at an altitude of 2,600 ft. The verticaland 
horizontal lincs, A' and 1', are drawn through the middle of the 
picture. The distance bet ween two outstanding points is then mea- 
sured and compared with that on the ordnance map. In this case 
it is found that the scale is 1 to 5,769. It may be stated that the 
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-The villaj^T i»f Uuilow. as ^hown on 
the oninaiirc map. 
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original wms taken on a whole plate, bnt in order to save spaoe, 
it haa here been Bomewhat rednced. From the middle of the 
network a line is drawn to P, making an angle of 67° SO* wiüi 
X.Y, and on this in the foregroond a distance from the middle 
pmnt eqnal to 6,800 ft. is measured o£L The point P is thos 
obtained» and a perpendicular is drawn throngh P^ catting the 
line ri' at H. If the central point is called O, the triangle OPH 
correaponds to that formed by the lens, the point verücally below 
the balloon, and the object. The angle PHO is GT" SO', and HP 
is 2,600 ft. 

A line through // is drawn parallel to OP, and this cnts 
the line A'A' in the vanishing point, V. On the line YY 
arbitrary lenji^ths are laid off, eaeh measuring, say, 500 yards. If 
the poiiits on }'}' are then joined to V, the horizontal distanoes 
iHrtween tht- se lines will be everywhere eqoal. It will be noticed 
that the»e lIi^tauces appear to become less, and at the vanishing 
{Htint tht'V ali&olutely disap{)ear. Similarly lengths eqaal to 500 
yards are laid olT along 0/\ and these points are joined to II 
ThroUi:h iht- i«'iiit> where the liiies, drawn to //, meet A'A', 
h»'rii:i»n:ai iiius are drawn. and the distauces between these 
l'anilKl< x^iil ia '*00 yanls. The effect of perspective in shorten- 
iiii: < Uli of liu Sf linesanJ lengthening others is again veryevident. 
l\v liii.iü- v( a siuiiV»f consinietion of this nature it is possible 
I • iiiake allowance for |>erspeciive in any balloon photograph. 



CHAPTER XXV. 

CARRIBR PIGE0N8 FOR BALLOONS. 

The use of carrier pigeons was known to the ancients. It is 
reported that in the times of the Pharaohs, sailors used pigeons 
to send news to their families that they were on the point of 
returning home. Pliny relates that Brutus used them in 43 b.c. 
for mihtary purposes at the siege of Modena. He was there 
besieged by Mark Antony, and sent the pigeons in order to invoke 
the assistance of his friends. The gladiators of Eome announced 
their successful feats to the provinces in the same way, and the 
orientals are said to have organised a regulär postal System by 
means of the birds. The Sultan Nurr Eddin in 1167 communi- 
cated regularly with all the large towns of Syria from Bagdad, 
and similar means of eorrespondence were used between Syria 
and Egypt. For this purpose, blockhouses were arranged at 
intervals, where the birds were in the charge of the soldiers. The 
messages w^ere fastened under the wings, and the Sultan received 
the letters with his own hands. 

Dutch sailors are said to have first introdueed carrier pigeons 
into Europe, where they were called Barjdettes, after their 
place of origin ; according to other accounts, the Crusaders are 
said to have done this service. In any case, the birds were soon 
in common use in Italy and North Europe ; they were used at 
the siege of Haarlem in 1572, and at Leyden in 1574, and Venice 
in 1849, at all of which places the besieged kept up communica- 
tion with the outer world with the help of these birds. The 
well -known house of Eothschild in London organised communi- 
cation in this way in 1815 so that they might receive the earliest 
possible news of the outcome of the Battle of Waterloo. They 
consequently heard the result three days before it reached the 
Government, and it is reported that great gains were made on 
the Exchange in consequence. Before the introduction of the 
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I in 1850» baukit merehauts, and newipAp(r^ 

fw &mwfmg Ibe Ittesfc intelligeuce ; theirimpüTi 

ec äei] in all caantries, and in manv place« tbey 

A eost of Ute State, Their breeding 1ms mw 

o( »port, and is eocouraged bj assocIaliuDB 

wii pliiyed a very importaiU pari during tbe siegs 
Ol lo, wa wag eotnpleUfly ühut off from the rest ol tke 
World in 80 far aä otber to^äus of comuiunicatian were eoii- 
cerned. Altogiethar 363 pigeons kft the town m balloong, ^u^ 
of these only o7 Da«;\;oouou au xcbuxuAiA^. 1 i^uably ibe rbäö^^ 
for this poor result is to be found in the terrible weather ^ 
December, 1870, the whole month being eold and foggy wi^^ 
many heavy snowstomiB. A large nnmber of the birds were ^^ 
Paris at tbe time, bat they were not all employed. The siege ^^ 
Paris was an entirely anforeseen event for the French Goveri^^ 
ment, and although 800 pigeons were available, they had ncK^ 
been properly accustomed to their surroondings. The idea o%^ ^ 
taking thein out of Paris in balloons was the Suggestion of a^ 
Belgiau, luimed Vau Rosebek. The first attempt was made on ^ 
September 25th iu the balloon **La Ville de Florence," which 
carried three birds ; and in consequence of its success, it was 
resolved to send birds by every balloon. Those of the Antwerp 
breed were the most successful, and several of them made the 
returu journey on six oceasions. A curious joumey was that made 
by a pigeon which was set free from the balloon " Washington ** 
ou October 12th under very heavy rifle fire, and was only able to 
reach its home in Paris on December 5th. Many experiments 
have been made to find whether the flight of the birds is in any 
way afifected by firing. It is certainly so in some cases, bat, as 
a general rule, it seems that the birds are not deterred by the 
heaviest firing. 

During the siege it became necessary to harbour their 
resources, and consequently a great number of messages were 
sent by one bird. This was largely due to a photographer 
named Dagron, who reproduced the letters by microphotography 
in the foUowing way. A number of messages, together with 
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ktier, are faetened to b. board, and then photographed 
ra provided witii a very fiue lens. The diataiice of the 
froui the board detenuines the exten t to \vbit*h the 
educed in size. Dagron sueeeeded in photogi-aphiog 
10,000 words on a equare in eh of plate äurfaee* If 

were used for euch work. the image would not; be 
igh to be read with a microscope, so thut wet platea 
used, and theee give an image ii^'bich is sbarp down to 
Bst detail, As is well known, tbe plates muat be pre- 
aediaLelj before being used by dipping them in the 
lilver Solution after they have received a coating of 
By tbiä process the Upper stu'face is eompletely 
ith a tayer of the silver salt, 
ith dry plates the gelatine bas 
grain whicb interferes with Lhe 

ol fche image, After it has 
loped and üxed^ the thin fihn 
>n ia stripped froiu its support, 
»BS is extmordinary. Aeauming 
oe88ages are reduced by pbuto- 
, such a way that more than a 
iters can be printed on a Square 
i one ounce of coUodion ülm is 
to take near jy 250 million lettem, 
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FiG* 219, — Phatogmphic 
repmductiou üi nies- 
a4i.geä on a reduced ecale. 



The films were rolled 
eured beneath the wings of the bird, as man}* as 20 
i being carried on one journey. When the bird arrived, 
WBTe removed, pressed between gbiss plates and euiarged 
o! a magic lantern» The worda were thrown in this 
form on a aheet, whicb was divided into sixteen Bquares, 
1 were employed to copy the words, each one having a 
otted to him. The meesages were then delivered to 
resses. The microscopic reductions were made by 
i Tours, where he arrived on November 21 st, after 
Efe Paris in a balloon, Altogether 57 pij;eons carrie4l 
nessages for the Government into the besiege d ciLy 
inth a million private lettars. 
itiBct which leads the earrier pigeon to retiirn to its 
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wings are long. The Liege bird is smaller, lower in the body, 
with sbort legs and toes. Tbe beak is covered with small wattles, 
and is very strong and sbort, the bead being convex in shape. 
Its eyes are surrounded with white or grey rings. Tbe breast 
is fall and muscular, and tbe wings are turned inwards and 
sbort. Tbe Antwerp pigeon is said to be descended from tbe 
Persian bird and from the bigb-flier; the Liege bird is said 
to be a cross between the rock pigeon, the bigb-flier, and the 
turbit. There have been many crossings between tbe Antwerp 
and the Liege types, and the carrier pigeon of to-day is the 
outcome ; in tbis way it bas been thought to combine the boming 
instinets of tbe one with the swiftness of tbe other. In breeding 
the birds great stress is laid upon tbe appearance, the hand- 
somest birds being also the best carriers. A really fine bird bas 
a proud and somewbat elegant bearing, with a slightly arched 
head, the forehead being in a line with the beak, which must be 
strong and without very tbick wattles. The eyes must be sur- 
rounded by a narrow ring of a white or grey colour, and tbe 
breast must be strong and muscular. Regularity in the marking 
of tbe birds is tbe result of ßuitable mating. Breeding begins 
in the spring, about Mareh 15th or April Ist. It may even be 
later, and depends on tbe state of tbe weatber. It lasts tili the 
birds begin to moult at the beginning of September. Tbe bird 
lays two eggs, and the period of incubation lasts about eighteen 
days ; but tbe young are likely to be strenger if there is only 
one to the family. On tbe sixtb or seventh day a tbin aluminium 
ring is put round the leg of tbe young bird ; on tbis is engraved 
such information as would lead to Identification. After twenty 
days, they are fit to take their own food and drink, thougb a 
watchful eye must be kept over them. They soon learn to fly, 
and before long they reach the roof and describe circles round 
tbe house. They get good practice if they are sent up in all 
sorts of directions at a distance of two miles or so from their 
home. 

The real traiiiing begins wben they are three or four months 
old. At intervals of three days they are sent up at distances 
varying from three miles upwards, but always in the same 
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direction. 3 di^tÄHc« is grudmilly iiicreiised tili they am able 

to do fifty miles or so ; atid the next year Um is increüsed up to 
120 miles« If Üie Vnrd m very clever it may in its thtid or fonrtb 
year reach 500 nules ; but thk is not tlie case witb all- Before 
tbe trainiDg is begun tbe birds miiBt be acea^iomsd to tbeir 
baskets; too main* mufit not 1^ packed to^ether, and thejshotild 
have Bomething to eat and drink before utarting on the retum 
joumey. If the Imllooti is Ukely to come to the ground with a 
bamp it is well to release the birds before reaching the ground. 
If the pigeons have to be used for military purposes doring the 
moulting season a great number will probably be lost. The 
distances should therefore be as short as possible, and onless 
there is great urgency it is well to suspend their work during 
this time. Only males or females should be taken on the same 
expeditiou ; but if this is not possible the males should be kept 
apart from the females. The male will retarn to the nest in the 
hope of findiu«]; bis mate, and it is well that he should not be 
disappointed; both should not be sent out at the same time. In 
the hreediiif; season, the female is best left at home. 

Goüd results can be obtaiued with young male pigeons shortly 
before their lirst niating season, or with females who have been 
brooding for about ten days. In the intervals of training care 
must be taken that the birds have plenty of exercise in flying 
about. It is as well not to bunt them out of their cot, otherwise 
they are apt to beeome shy and to delay their return. A better 
method is for them to be obliged to go some miles to get their 
food. The common dove flies every day to the fields to get food 
and the carrier pigeon can be accustomed to do the same. The 
best plan is to give them a moderate allowance of food at home, 
and tlien to take them out into a field, and scatter the ground in 
and around the basket with grain. This is repeated for two or 
three days, and after they have eaten their fill they are allowed 
to return home. They will soon accustom themselves to under- 
taking the joumey on their own account. But they often remain 
away too long, and it is as well to confine this plan to drinking. 
the evening they are given a very small supply of water, and 
the morning they are brought a distance of some miles to a 
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guiet stream, and put in a basket without a bottom, which is 

^iIo\^ed to project somewhat into the stream. They soon drink 

tbGiir flu and return home. This experiment is repeated for a 

fe>^ days, and they will soon be accustomed to seeking the spot 

^c>x* ^hemselyes in order to satisfy their thirst. If the water is 

'^^^«^'»r a wood, this has the additional advantage of accustoming 

^J^^^ pigeons to the sight of the birds of prey, and they thus 

*^^c*ome more likely to recognise and escape them. 

^^^irds that are intended to be used in balloons must receive 

^^ ^^ecial training ; and this can either be done by taking birds 

^^3^ii have already been trained in the usual way, or by taking 

^^*^<i8 that have had no previous training. It is possible to train 

^^ "fcird to return from a balloon in any direction ; or, on the 

^^^^^er band, birds can be trained to fly in certain directions from 

"^^ ^^^:ine. Herr Bernhard Flöring of Barmen has for several years 

^-^^^vided pigeons for the balloons of the Lower Ehine Balloon 

^^^^nb; and he belle ves that the results did not depend on tbe 

^^^Vrection taken by the balloon, though the birds had been trained 

^^ do their work mainly in certain directions. The Performance 

^^^^ the pigeons is much affected by the fact that they are always 

^^bliged to return against the wind, if they are carried in a 

V^alloon. Ordinarily the birds are not sent out except in fairly 

^lear weather, otherwise they are very liable to be lost. But in 

^ balloon, little count is taken of such considerations, and conse- 

quently the birds often have to battle aj^ainst a fairly strong 

wind, and this has the effect of greatly reducing the speed of 

their flight. 

Professor Ziegler of Jena has studied the speed of carrier 
pigeons, particularly with a view to discovering the favourable 
conditions which react on the bird. By comparing the results 
of a large number of experiments, made at the various competi- 
tions, he found that for the longer distances up to, say, 300 miles, 
the average speed is about 20 yards per second. Some birds 
will reach a speed of 36 yards per second, while on other 
occasions, flying against the wind, they will only go at the rate 
of 6 or 6 yards per second; the best pigeons have a mean 
speed of 12 yards per second against a moderate wind. The 
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RDOver fco HUdeftheiiu Ija» böen UBtti for obsena- 

purpc ; mA %% hii& beeii foittid tbat tha journey is dooe 

i mmuim wUh tbe wind, and 1^ hotirs Bgatnat tlie wind, 

total fii^tiiiiee beiiig 18^ miles. On another oecasicu a 

OQ 8«W fmiu A place iiear BoHeaiu to Liege in BeJgiom, 

I eovered 508 toiles in 8 hours, biit ihia la a vory excepüooal 

naiuse. Obaenrmtiona on the tlight of mi^atory birds show 

^%xa£ töey nearly alwajrs fly wilh the wind, and wait tili the breez© 

iß in theirfavour beforemaking a 
ätart, 

Attempts have also hoen made 

to US« swallows for this purpose. 

^ "' Au Antwerji trainer sent ap some 

^H ßwallowB and pigeons at the same 

^^^L ttme at Compiegue in France. 

^^^^^^ The pigeaog eovered the distance 

^^^^^^k J iif 145 miles in ^| bours, whÜe 

^^PW^fc^ the swaHows arrived in 1 honr 7 

^mJf ^^ minutes ; the sj>eed of the latier 

was therefore three times that of 
the fomier. Two swallows, which 
had been trained at Roulaix, were 
started from the Invalides in 
Paris, and reached their home, 
which was at a distance of 93 
miles, in 75 minutes. It was 
proposed in consequence of this feat to start a training-station 
for swallows in the fort of Mont Valerien. 

Interesting experiments with swallows have been reported in 
the papers from time to time, and the following deserves notice. 
Two swallows had built their nest near the chateau of Nielles- 
les-Ardres in the department of Pas de Calais. A gardener 
caught one of the birds, and took it in a bag to the exhibition in 
Paris. On the next morning it was let loose at 9.30 a.m. at the 
Sot of the Eiflfel Tower. It rose up to the first gallery on the 
wer, crossed the Seine, and disappeared in a northerly direc- 
)n without a moment's hesitation. At 11.46 a.m. it reached 




Fio. 220.— Ihirk slato-o«»loured car- 
rier pi^L,'oi>n Wloriirinj,' to Herr 
Flöring. 

The blnl, which is shown carning a inessage 
on iu It'fl I»'g, in 4 yt-ars old, has niadn 
titt^'U a.scent« in a lutllo>n, aml coveretl 
2,400 miles on Üie rv tum journey«. 
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-VieJles, aiid was recognised at once by the red ribbon which was 

^ied round its leg. It had covered the distance of 150 miles in 

^ iiours 16 minutes. The country must have been stränge to the 

^irdy because it is hardly likely it would pass over Paris as it 

^^grsLtßs from Calais to Africa, even supposing it did not go by 

^be slnortest course. 

-A. s a result of hie experiments with balloons, Flöring gives the 
'olloxving as the mean speeds of the carrier pigeon ; in good 
we^.f;j-jgj.^ 26 miles an hour, i.e., 38 ft. per second ; in less favour- 
^^1^ ^eather, 20 miles an hour, i.e., 30 ft. per second ; and in bad 
^^^^^tlier, including rainy, foggy, or snowy days,' the speed is only 
^^ "Oailes an hour, i.e., 20 ft. per second. Dr. Schultheiss, of 
^^^l^ruhe, gives rather Iower figures. He made eleven experi- 
^^^^^xts from a balloon in 1895 and found an average speed of 
*^'*- f t. per second. The velocity of the wind on these occasions 
^^'^^ between 11 and 22 ft. per second. The distances were, of 
^^'^^"»rse, reckoned in a straight line from start to finish, but 
^^tvirally nothing was known about the actual course. 

'XThe Performances of two of Herr Flöring's pigeons were 

^^'^^^ziarkable. The wind was blowing strongly from the west at 

^^ rate of 80 ft. per second, and the balloon soon disappeared at 

^ V^eight of 650 ft. into the clouds, whence it passed into the rain 

^^^d snow. The first pigeon was released at a height of 3,150ft., 

^^"«nty minutes after the start ; five minutes later, at an altitude 

^ ^ 4,100 f t., the second bird was let go. They reached Barmen 

■^>. little more than half an hour, and if allowance is nmde for 

txe speed of the wind, their rates of travelling were about 118 ft. 

i^^r second. On February Ist, 1903, the balloon started from 

'^^armen with three birds in a heavy wind ; rain and snow were 

-^ Alling at the time. The first bird was let loose about the middle 

^^f the day, and reached home two days later, having travelled in 

^1 direct line a distance of about 00 miles. The second bird 

started about 1 p.m., and covered 100 miles in a very heavy 

^nowstorm in three days, reaching home coiupletely worn out. 

The third was released at Magdeburg at 3 p.m., and took seven 

^eeks to cover the 185 miles, and reached home after having lost 

three or four of the pinions in each wing, owing to an accident of 




pigeone between 1903 and 1906 may be eummarised as follows. 
Out of 100 pigeons fehat were released* 103 returned safely ; of the 
remainiiig bix, two were killed bv aceideots, and tbe remainin^ 
four gucctimbed to the eevere cold ot winler* The author has 
ttaken pigeons mth him on about 200 ascents, and has relaased 
at)out 1^500 bird« in all. H© häö found tbat Flöring'a estimat 
ol speed are fairly correct. and that in foggy and cloudj weather^ 
it often tiilius niore tban a tlay to make Ihe return joorney. 
In judgiiig of Performances in general, it is necessar^^ fco take 
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into accouut the method of training which the birds have under- 

gone. There is a great difference hetween birds which have beftn 

well trained in the usual way and are then taken on balloon 

ascents, and others which serve their apprenticeship on a balloon. 

In the latter case a certain nuniber are suro to be lost, and the 

percentage of such losses will probably be rather serious. It is 

also a matter of importance to consider the direction in \vhich the 

balloon has been flying. Often enough birds would fail 

jörely if releSsed on the south side of Berlin at a very 

Ipoderate lÜBtance, the wind and weather behig favourable. 

Iliej liiid probably flown often in other directions, bat wheii 

rtlea:^t.'il Uli' the south side their meniory seemed to phiy them 

ftlse. It is-therefore necessary to adopt one of two priiiciples; 

dther airthe birds raust be exercised and trained to tly froni any 

»iirection round the given centre, or the birds can be divided into 

grrmps, eonie of which are worked on the north side, others on 

the aontb, and others again on the east and west. It is generally 

po.^siblö to teil the course a balloon will take froni observing tlu* 

[jvements of the clouds ; but at higlier levels the l)reezes may 

in ollier directions, and pigeons iiitended to work towards 

' ^jUie^uth'must therefore also l)e praetised soniewliat to the east 

and west. 

The time of day at wiiich tliey are released is a matter of 
importance. If the birds are sent up in the early morning they 
leam a good deal from the position of tlie suii. Öeveral l)al- 
•löoniflts have noticed tliat a number of birds were lost without any 
veryobvious cause, and it was discovered that the result was due 
to the fact that the balloon started at a different tinie in the day. 
Originally a start was made early in the morning, and the birds 
were released about midday ; but later, the start was deferred, so 
that the birds were only sent on their jouriiey late in the after- 
noon. As it was supposed that they directed their course by the 
Position of the sun, they naturally lost theii* way altogether. 

Better results are obtained if the birds are trained from tho 
balloon. It is very essential that they should l)e accustomed to 
fly at once downwards out of the clouds. For this purpose it is 
well to take them up in a captive balloon, close to their home?= 

A. A A 
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HK^tease ihem as bood as the cIoucIb are reached, and whil^' 
fS^m h sitll in Bif^hL Oii another oceaßioDf it maj im well 
ieiititrato into the cläuds, and later on, if the ßrst expenmeitts 
iVB r6«inlted satiafactorily, to mount above them. The plgeonB 
ftre very mach afraid of plunging into a bank of cloud from 
abovB. Looked al in this wa>% it strikes thera as being Bome- 
Ihing new, and ahogeiher outstde their experif^Dce, and ibaj 
b«K!ome eonfuaed in con^equence. They circlE* around far a long 
Lime and seem u nable to makcs iip tbeir ininds ; at last vvl 
they have warn tbemäalvet» out, thej are eompölled to di^sc4iB 
On a tiecond attt^mpt they appear to understand the Situation 
Itttli^ bett^r, and they soon learn to find their ways bome. 
inielligence of the ptgeons he1p3 tbem to make uee of the sun i 
a guido, in tho Barne way aB migratory birds ; but their mo 
iraportant or^m i& the eye. The curvature of the earth is sta 
tliat at a beight of 30O ft., a birdean see about 22 miles; actualt; 
the diätance is a little greater owing to the effects of atino^pbene] 
refraciion. 

The wind afifects them in many ^ays, partly hy reducing Üiil 
speed of their fli^^ht, and partly by interfering with their siinrsyl 
of tho eounlry, A bird soon finds out that the wind generally 
blows more Klmuf^ly at great altitudes, and therefore flies higher | 
if the weather is reasonably calm. ConBeqnently it has a better 
outlook than it would have in rough wind, when it would tend to \ 
tly eloser to the ground* If good resnlts are to be obtained it 
iy necoBsary to pay v^ry eareful attention to the pi^eons in their 
cots. They consequently enjoy the pleasures of life, and are 
all the more strongly impelled to return. They must also leam 
to regard man with coufidence, and it is possible to teil the sort 
of attention they receive from their behaviour to the keeper. 
Their cots must be clean and airy, and they will therefore 
delight to return home. 

There are various artifices by which the Performances of the 
birds cau be improved, and it is well to know thoroughly the 
habits and peculiarities of all kinds of pigeons. A male pigeon 
returns to the nest as quickly as possible, and the same is true 
of the female bird. The weight of the messages carried by the 
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Lrd is üot vrithout its effect oa its strength, and tbo mode of 
kttaching ibem to th© body is a matter to be studied, The usual 
blan iB t^ write the message on thiii paper, aud roll it: up in a 
riihber covering, fasteiiing it to the fast of tbe bird, ÄluniiDiiitü 

lalders or spring cases are also nsed, wbicb are iastened under 
the wing, and a great number of aimilar devices may usually be 




at the various showa. Photographs can also be transmitted 
by their means, and this ia usefal in time ot war for the purpose 
of Bending plana, etc., from a beleaguered town. Experiments of 
this kind were made in St. Peteräburg in September, 1889. Tlje 
chief of the Balloon Corps, named Kowanko, made an asceut in 
Company witb au officer and two others. Thty then prepared 
photographs on films of collodion according to the wet process. 
The negatives were developed in a primitive dark room, wliit'h 
was arranged in the hasket of the balloon i the coUodion lilms 

A A 2 
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i^ere stripped from the glose, aiid Becured to tbe birJs. Tbe 
results were coTisj<lered suecesisfuK Bat the preparatioii of the 
negative in the cat of tlie lialloo» is a tediüii^ aod awkward 
Arrangement ; ntid lately iiewer methoda have been pro])o&ed bj 
wfaich the andeveIo[>ed fihii is eotrxisted to the bird and then 
developed at honie in more couveiiient surroundiiigs, 

The carry ing power of tbe birds ig conBiderable, and tbey bare 
been foond to be able to carry weigbts of 2^ oiuic€s to a distante 
of 90 miles. Cages have been built in Warsaw, so that 150 er 
200 birds could be released simultaneously in a besieged fortress 
by means of a balloon. The wicker baskets are put together in 
several sections and supported on the ring of the balloon ; the 
ropes holding the car are longer than usual so that the birds 
do not interfere with the passengers, and the car itself is made 
somewhat broader. The birds are protected from the heat of 
the sun by a covering of oilcloth, which does not shut out the=- 
light, or bright metallic paper may be used. They have always-^- 
stood the journey well, and the gas, Streaming out of the neck, — 
does not seeni to cause them any inconvenience. They are, 
however, rather liable to be jolted about on landing, and l)efore 
releasin^ them tbey miist be well fed and have sometbing to- 
drink. 

Various attenipts have been made to train the birds to fly to 
a given spot and to return. Captain Malagoli succeeded in doing 
this in Italy, and Hoerter in Geimany bas trained birds by 
supplying them with water in Hildesheim and with food in 
Hanover. The results were to some extent satisfaetory, but this 
method of training bas been eventually abandoned. In spite 
of the developments of telegraphy, the use of carrier pigeons for 
coUecting information for newspapers still continues. In time 
of war the pigeons form a means of communicatiön which could 
hardly fall into the hands of the enemy, whereas the telegrapb 
and telepbone miglit be liable to all sorts of interruption. Duke 
Alexander of Oldenburg, who comraanded the Russian Guards, 
trained falcons to hunt the pigeons ; and at distances of two 
miles they did actually sueceed in catehing them and occasionally 
brought their prey back with them. But of course this kind of 
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thing is only worthy of mention as a curious development of 
human activity; as a means of oflfence the falcon would be bound 
to be a failure. On the other band, attempts have been made to 
Protect the pigeons from birds of prey by fastening small whistles 
to their bodies, but so far from serving its purpose it merely 
attracted attention to the pigeon, and this crude device has met 
with the fate it deserved. 

It is a more diflScult matter to prevent the pigeon from being 
snared. On January 23rd, 1871, Gambetta announced special 
punishments for the oflfence of catching the birds in the foUowing 
terms^ : — 

" In consideration of the importance of the carrier pigeon for 
postal purposes and the defence of the nation, it is hereby 
decreed that anyone killing a dove of any kind during the 
continuation of the war, either by shooting or snaring it or by 
hunting it in any way whatever, will be liable to six weeks' 
imprisonment. If it can be proved that the bird was killed 
iiotwithstaiiding the fact that it was known to be carrying dis- 
patches or to be intended for that purpose, the punishment shall 
be a period of penal servitude, not exceeding five years. Anyone 
giving Information leading to a conviction will receive a reward 
between the sums of M2 and £'4, according to the discretion of 
the court. 

** Cremieux, 

** Minister of the Interior. 
" Bordeaux, January 2'Sr(1, 1871." 

Even nowadays, the pigeons are under the protection of the 
authorities, and it is a punishable oflfence to kill carrier pigeons 
and to keep stray birds that have flown from their cot. Unfortu- 
nately there are many people who snare them on the roofs of 
their houses, and it is quite certain that a large number of carrier 
pigeons are lost by theft every year. 

* See Gross, *' Die Balloiibrief tauben post während der Belagerung von Paris." 
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KLLLOOK LAW. 

Trifmc liy 1^11*1 ftod B©a is controlled 1 jy uumheiiess stfitute« ^ 
bat thü hallcxinij^t ha» 8o far c^scuiped legal 1 Imitation. It woabi 
almost apiRuir a«< ihrmgli he would be allowed to gü oo hismi^ 
withoul lol OF bitidraBca; hui many accidente have bapi^enedi 
imperilliiij^ the lives both of paanengers and innoceot hystaBders, 
and tho interventioti of tbe law ia Imund to eouie sooner or U^^* 

In llt02, an international legal eongress waa held at Bruss*^^^* 
when tlio j¥>sition of hallooning was dis{*us8^* Some of ^ 
points niay bo hüre nientioned, especially seeiug that they't*^^^ 
since l»ean dobated at the ccmgreegof the Federation Aeronauti*!^^ ' 
Internatioimle» 

The ürHt ]ioint is as to the distfnction to he drawn l)«tw^ 
balloons bdoiiging to the Government of a counfcry and Ü^*^ 
belonging lo private individuab, Balloons Ijtelonging to ** 
State can eithei' l»e used for military or civil piirpoßes. 
mihtar% balloon is defined ae l>einf; iinder the command ot ^ 

Ml© 

officer üf the aniiy or navy, who has iieeü eiitrubUrd with ^^ . 
use of it hy the military authorities, the whole of the equipm^^^ ^ 
holonging to them. A i){illoon, belonging to the Governm^^ ^^\ 
and used for civil purposes, mu8t be in eharge of an offici-^^^^. 
whose duty it is to niiike ascents on behalf of the civil authoritie 
All otbers fall iiito the category of private balloons, irrespecti^ 
of the Standing' of the man in eharge. 

A balloon oiight to be able to be identified in the same way 
a ghip. Colonel von Kowanko has stated that certain unfortt^ 
nate oecurrences have taken place owing to the want of an easil^ 
recognisable signal, such as a liag, denoting the nationality^ ^ 
Some Cossacks, stationed on the frontiers, have before now fire^ 
on German and Austrian balloons. All Bussian balloons carry^- 
ing passengers have a flag. Any balloon without a flag is 
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regarded as being of the nature of a recording balloon, carrying 
meteorological Instruments, for tbe capture of which a reward 
is generally offered, and soldiers are tberefore apt to fire on it 
in Order to bring it to eartb. An accident of tbis kind is tbere- 
fore likely enougb to bappen to any balloon in Russia not 
carrying a flag. 

It was tberefore proposed tbat all balloons, wbetber belonging 

to private persons or to tbe government, sbould carry a flag, 

fastened to tbe net, balf way down tbe balloon, and tbat tbis 

sbould be easily recognisable botb by its sbape and colouring. All 

balloons belonging to tbe Government sbould fly a pennant, 

xvhich, in tbe case of military balloons, sbould be attacbed to tbe 

Imsket, and in tbe case of civilian balloons, sbould be attacbed to 

the envelope immediately beneatb tbe national flag. Tbe sbape of 

the flags ougbt to be distinguisbable witb the naked eye at a 

distance of 2^ miles. Eacb balloon ougbt to carry the colours of its 

own country and of no other, and the man in Charge ougbt to have 

an oflicial certificate, which in the case of private balloons sbould 

be produced on demand. Tbe qualification of the man in charge 

is a matter of importance. In connection with the army or one 

of tbe larger clubs, a very thorough training can be bad, aud 

examinations are held from time to time, as a result of which 

certificates are issued to those wbose knowledge appears to be up 

to tbe mark. The Aero Club of Vienna divides its certificates 

into those of the first and second classes, the higher distinction 

being awarded to the man wbo is able to manage tbe balloon 

single-banded. 

At tbe present moment, any professioiial aeronaut, and indeed 
any amateur, can make an ascent witbout any restraint, and 
it must be said tbat in some cases tbe lack of experience is only 
too evident. Some sort of legislation seems almost necessary to 
prevent accident. A good instance of tbe preventable accident 
took place last year in Germany. An engineer, named Vollmer, 
made a few ascents, and then announced tbat be bad assumed tbe 
röle of a professional balloonist. He found a man in Essen wbo 
wanted to make an ascent, and they tberefore sailed away in 
clear weatber and a moderate breeze towards Ostend, wbere they 
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wii mw uie sea and wem drowned. The aceident was andoubtedlj 
dae to the laek o! experience on the part ot tbe so-call^ 
profesaional aeronaut, wbose qualtficaUotiB had l>66n EBsumed to 
be aatisfactory by bis companion witboat any very tboroag)Ev 
inqairy. Tbis was clearly a case calling for tbe interferenoo o^ 
tbe autborities. Sucb men are not only a danger to th.^^^ 
oompanionsy bat to anybody eise wbo comes in tbeir way. \^^^ 
serioas accidents may arise owing to explosions if tbe inflation ^ 
tbe balloon is not properly carried out, and, on landing, injurS--^ 
may easily result f rom unskilf ul management. It would tberefo*^ ^ 
seem to be in tbe public interest to demand that some so^^ 
of qualification should be necessary before being allowed to ta^K- 
cbarge of a balloon. 

At the Conference at Brüssels, tbe following arrangemen ^^ 
were proposed. Every private balloon must be registered, aiÄ^^ 
have a name and number, which should be prlnted in lar^^^ 
letters on the body of the balloon. The place of residence c^^ 
the owner should also be stated, and the number and place cC^^ 
origin should he painted in red. Every aseent by a privat^"^ 
person should i)e uuder the control of a State offieial. Govern- ^ 
ment balloous sliould not be obliged to carry papers, but privatt^^ 
l)allooiis niust have a copy of tbe oflScial particulars, and a list^ 
of the passengers. The fiags, etc., must be properly mounted iu-^ 
Position, a Journal must be kept, and the man in charge must-^^ 
produce bis certificate on demand. Special flags should be 
arranged for signalling that a descent is about to take place 
or that help is needed, which latter would be likely to be speci- 
ally useful if the balloon were to be in danger of being driven 
over the sea. At the congress, a series of regulations were 
drawn up with a vicw to preventing balloons from passing above 
fortresses. It was proposed that Government balloons should be 
allowed to pass the frontier in case of actual necessity, but that 
a flag should be hung out, showing that help was needed. An 
exception was proposed in the case of Government balloons, 
making ascents for meteorological purposes ; but it seems only 
reasonahle that military balloons should not be allowed to cross 

e frontier at will. 
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M Several other proposals were made with tbe intention of 

V obviatiDg difficuliies at the customs, and dealing with other 

m CAses which might arise. The use of balloons in time of war 

M was also discussed, and it seems probable that they will require 

f to he regulated in exactly the same way as traflSc by sea. The 

question as to the treatment to be meted out to a captured balloon 

ia important, considering the important röle they may play in 

tbe future and have, indeed, already played in the past. Soldiers 

a.re often not available to man the balloon, and it has therefore 

happened that threats have been made to treat captured bal- 

loonists as spies. All regulations which prevent the balloonist 

frorn acting on the offensive or defensive seem absurd. At the 

^Hla^gue Conference it was proposed to forbid the throwing of 

exLjDlosives from balloons; but this regulation is no longer in 

f ox-ce, as it was only valid for a period of five years. Moedebeck 

tia-spointed out that if the right of attack or defence is taken 

from the balloonist, it is only reasonable to expect that the eneniy 

sliculd be prevented from liring on it. 

The proposals of the Brüssels Conference may appear to go 
too far from some points of view, but it seems likely that some 
soxt of international regulation will be necessary in tbe future, 
seeing that balloons are now much more common than they 
^^ere, and that the dirigible airship is a practicable possibility. 



■M 



INDEX. 



Apek. 99 I 

Aoroplanps, 99 ; 

Air-bMj?, 43, 44, 67, 77 | 

Aldershot, 139, 164 

Alexander, Patrick Y., 117, 250, 253 

Alps, journeys over tlie. 226 

Andree, 39 * | 

Anemometer, 69 

Aiitwerp pigeons, 3-16 , 

Arago, 246 ' 

Archdeacon, 114 

Aspirator-psychrometer, 246 

Assmann, 198, 242, 246, 250, 258 

Astronomical ascents, 280, 281 

Atmosphero, properties of the, 27 

Baden-Powell, 122 

Ballast, 33, 186 

Barometer, 29, 192 

Baro-thermo-hygrograph, 269 

Basket, 185 

Berson, Professor, 199, 215, 270, 271, ' 

281 
Blanchanl, 7, 24, 239 | 

Brissy, Testu, 184, 239 j 

Busley, 198, 228 i 

Camera, 302 

Captive balloon, 187 

Chanute, 109. 113 

Charles, 12, 175 

Cocking, 124 

Cody, 122 

Colour photography, 330, 332 

Constniction of balloon, 17, 175 

Cont6, 129, 134 

Coutelle, 128 

Coxwell, 141, 244, 251, 265 

Croce-Spinelli, 268 

C^'linders, steel, 178 



Daguox, 286, 344 
Degen, 90 
Deutsch, 70, 89 
Development of plates, 321 
Deviators, 212 
Diffusion, 32 
Ducom, 305 
Dumont, San tos, 65, 94 

EcLiPSE, 281 

Electrical measurements, 279 

Films, 310, 312 
Finsterwalder, 182, 340 
Firing at balloons, 145 
Flöring, Bernhard, 349, 351 
Flying machines, 90 
Franklin, Benjamin, 117 

Gambetta, 54, 144, 357 
Garnefin, 22, 124, 197 
Gay-Lussac, 32. 242, 246 
Giddiness, 204 
Giffard, 48, 177 
Glaisher, 243, 265 
Godard, 143, 170 
Goldbeater*8 skin, 14, 164, 180 
Grapnels, 186 
Green, 124, 179, 211,242 
Gross, 184, 249, 270 
Guide-rope, 40, 54, 70, 184 
Guy ton de Morveau, 42, 128 

Hagen, 305 
Hergesell, 30, 63, 253 
Hof manu, 104 

Hydrogen, generation of, 19, 20, 
128, 141, 154, 157, 164, 175 

International Commission, 253 



864 



INDEX. 



JBKFR1B8, 2ü. 239 

Jounlaiii, 129 
Juchmi'H, 77 
Juillot, 7H 

KlTE-IIALIX)Oy, 187 
Kitim. 116 
Kluiwinann, 3.*U 
Kowiiiiko, 3.Vi, 358 
Krewi, !»3, S»9 

LANblNG, 231 
IjiiiKl«'y, 97. 102 

LuilHAttlut, 1Ö2 

liHVoiHMT, 12S. 177, 239 
Lcl>iiu<]y, 70 
liirp* ])i^'fiiiis 34(> 
lAU, 31 

Mlionthal. KNi 
lion^ jouriM'ys. 199 
F^>wo, 139, 2Sü 

Maps, 193 

Murcy, 91 

Maxim, Sir Ilinnii. 97 

May-rarp, 1 Hi 

M^'U-illitT. li 

Mi«'th.', 29.'). :;;i2 

Military lialhHining-, 12s 

Mill.-t,'l22 

M.M^li.l>.ck, 2 IS 

Mniiaco, I'riiu'fuf, 71. 9ii, 2«)ii 

Mnntn;()Hi««r, 9 

\aV.\L lJAI,Lon\IN(j. l.V>, lli7 

NVt, INÖ 

Ohsekvatohy, 2,v; 
< >xyp.Mi, 270. 272 

Panohamic AiTAiiATis, 2s7, :W8 
I'arachutf». 124 
ParH'Val, Major von, 84, ls7 
I'hillips, m 

IJk.vakI). (!'aptain, .vi, l.VJ 
lliMÜn^ror, Aui:u«*t, S4 
Lil»pii»^' ]»aiM'l, Is.'f, lli,'> 



Bobert, 12, .34, 2:J9 
Robertson, 241 
Rotch, 118, 255. 263 
R<izier de Pilätte, 24 
RubY>er balloons, 258 

Sails, 39, 99 

Santos Dumont, 65, 94 

SauAsure. 238 

Sihroetter, 271 

Schwang 5S 

Scientific ballooniii«;, 23s 

Soa, atmosphore ovor tho, 203 

Soa. jounieys üv«»r tlir, 21 1 

S«nero, 58, 73 

Sijnmllinfr, 120, 135, irjO, KM) 

Sip<foM, .35. 59, 1S7. 19S, 202. 206. 

24S 
Sil])enT, Viktor. 106, 279, 2Ss 
SjH.»lterini, 226 
Statoscopo, 35 
Stentzel, 92 

Ston?<wcr>pic photogra]>hy, 335 
Siiriiig, 24S, 270 

TKi.ErnoTosronc U-iis^.:^. mi 
'IVi^HTonc il»> l{«)rt, 2.'>1. 2.'>6. '2*u', 
TvUi]Avv. 16:{. 24;J, -JsT 
Thoory of th«* halloon, i>7 
Tissainli.T, M, 144. Ms. 2.')2, 26s 
Tniinin^ pi^<.M»ns, 347 

Valvk. IS, ls;{ 
Varnishos, 129, isi 
Vaulx, Couiit de hi. >S6. 213 
VolllK'hr, 193 
Vor er, 81 

WAnCiOXs, military, 154 

Wellner, 41, 115 " 

Welsh, 240 

Wisr-, LicuU^nant, 121, 184, 242 

Wright, 110 

YON, 50, 143 

ZAMiua-ARi, 26,264 
/♦'PjK'lin, 61 



l:l;Al'Isl l'.\, A..Nf\V, \ C«'. IA>., I'KIMKKS. l.oMxtN AKI> ToNHEIlMiK. 



V:- 



